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ABSTRACT 
Ultrasonic seaming offers many advantages as an alternative for joining fabrics, such 
as efficiency, reduced cost, conservation of energy, and recyclability of the product.  
The objective of this study was to investigate the effect of ultrasonic weld parameters 
– weld pressure, weld time, amplitude of vibration, seam design, and material properties – on 
seam efficiency and stiffness of a seam. This study also compares seam efficiency and 
stiffness of (a) ultrasonic seam to that of sewn seam and (b) ultrasonic seam from continuous 
mode of operation to that of plunge mode. Regression and analytical tests were used to 
analyze the results.    
Results indicate weld time and pressure have a significant affect on seam efficiency 
and stiffness, while amplitude influenced seam properties in conjunction with other variables. 
Seam design did not influence seam efficiency though affected stiffness. Successful seam 
formation was observed in PET and PET/Cotton. Appreciable seam efficiency was not 
observed in Spectra due to low range of melt-onset and melt-max temperature and change in 
fiber morphology.  
Results indicate no difference in seam efficiency between plunge and continuous 
mode of operation, while stiffness was higher in plunge mode than continuous mode of 
operation. Seam efficiency of sewn seam was comparable to an ultrasonic seam though 
stiffness in ultrasonic seam was higher. 
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CHAPTER 1: INTRODUCTION 
The ready-to-wear industry came to be with the invention of the sewing machine. As 
DeWitt (1994) noted, “In the mid-19th century, Singer’s machine met the critical need to 
mechanize ready-to-wear garment production, which remained bottlenecked by inefficient 
needle women who strained to hand-stitch two shirts a day.” A century and a half later, the 
sewing machine is still the most widely used method of joining fabrics. 
With the development of synthetic fabrics and versatile applications of textiles today, 
alternative methods of joining fabrics have been explored in the last fifty years or so with 
limited success. Sewing remains the most popular in spite of disadvantages such as 
permeable seams and sewing thread deterioration with time.  
Problem Statement 
Ultrasonic technology is more prevalent in the plastics industry than in the textile 
industry.  This could be because most of the previous research was focused on bulky 
polymers. Previous empirical studies observed the effects of three welding parameters (i.e., 
weld pressure, weld time, and amplitude of vibration) on joint strength; however, the effect 
of seam design has not been investigated.  
Most of the published research focuses on joint strength, which contributes to the 
durability of a product. No literature is available on joint properties such as stiffness, drape, 
and hand, which contribute to the aesthetics of a product.  
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Two basic modes of operation exist in ultrasonic production, depending on the end 
application – plunge and continuous. In plunge mode of operation, material is stationary and 
therefore weld length is dependent on the size of the seam design. In continuous mode of 
operation, material moves beneath a stationary horn, which allows joining of textiles at 
different speeds, even up to 160 ft/min. Most of the published work relates to empirical 
studies where ultrasonic welding machines with plunge mode of operation are used, which 
limits the use of this technology in textiles. In common apparel manufacturing, a continuous 
mode of operation will be more useful than plunge mode of operation to provide desired 
productivity. 
Purpose of the Study 
The objective of this study is to investigate the effect of ultrasonic weld parameters – 
weld pressure, weld time, amplitude of vibration, seam design, and material properties – on 
seam efficiency as well as stiffness of the seam. This study also compares seam efficiency 
and stiffness of (a) ultrasonic seam to that of sewn seam and (b) ultrasonic seam from 
continuous mode of operation to that of plunge mode of operation. 
Significance of the Study 
The textile clothing industry is yet to fully utilize ultrasonic seaming technology and 
realize the advantages associated with it. The results of this study will shed more light on 
ways of using this technology in the textile industry. In the competitive world of today, 
garment and industrial manufacturers will benefit from cost affective alternative methods of 
manufacturing. Further research will lead to imaginative uses of this technology, requiring 
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ultrasonic equipment builders to design and manufacture better machines. This research will 
also contribute to other industries that use thermoplastics and, therefore, be of interest to 
polymer scientists. 
Definitions 
Ultrasonic: Acoustic frequencies above the range audible to the human ear or above 
approximately 20,000 Hz. 
Seam Efficiency: A ratio, expressed as a percentage, of the breaking force required to rupture 
a seam to that required to rupture the fabric.  
Stiffness:  Resistance of an elastic body to deflection or deformation by an applied force. 
Resistance to bending. 
Sewn Seam: Seam created using needle and thread. 
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CHAPTER 2: REVIEW OF LITERATURE  
Most textile products consist of more than one component, which are joined by means 
of sewing, thermal bonding, laser enhanced bonding, adhesive bonding, and ultrasonic 
seaming. The first section of this chapter deals with the general background of these various 
fabric joining methods. The second section gives a detailed description of ultrasonic seaming 
technology including ultrasonic bonding mechanism, bond site dynamics, parameters, and 
machines. The third section provides information on previous experimental studies focused 
on ultrasonic joining of materials and their findings. The fourth section describes the 
materials used in this study and their properties - PET, PET/Cotton blend, and Spectra 
fabrics. 
Fabric Joining Methods 
Sewing 
Prior to the invention of the sewing machine, fabrics were joined by hand, which was 
a labor-intensive process and not economically feasible in a mass production industry. 
Sewing machine invention by Walter Hunt, Elias Howe, and Isaac Singer made production of 
apparel by machine possible, thereby speeding up the manufacturing process (Burns & 
Bryant, 2002). 
Sewing joins individual panels together with another textile element (thread). The 
most widely used stitch in the industry is lockstitch, which is typically formed by interlacing 
needle threads from a spool at the top and bobbin threads at the bottom in five steps as 
illustrated in Figure 1 (Shaeffer, 2001). 
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           (a)                  (b) 
 
 
       
       (c)                     (d)   
 
 
(e) 
Figure 1. Lockstitch Formation: (a) Penetration, (b) Loop, (c) Confirmation, (d) Cast-off, and 
(e) Set stitch  
 
 
 
Fabric Layers 
Needle Thread 
Bobbin Thread 
Fabric Layers 
Needle Thread 
Bobbin Thread 
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Strength of a sewn seam depends on the fabric, thread type, and stitch length. While 
sewing provides strength, elasticity, and aesthetic properties, it also produces discontinuous 
joints and perforated seams, making it unsuitable for products such as medical apparel and 
protective garments. Other disadvantages of sewing are thread deterioration with time and 
sewing speed limitation. 
Thermal Bonding 
In this process, materials to be joined are heated individually by several ways, 
causing the thermoplastic materials to melt, which are then compressed by applying pressure, 
causing an intermingling of polymers. A seam is formed as the material cools and solidifies. 
Heat can be applied either by direct contact of a heating element or through hot air or 
gas. In case of hot air technique, high-temperature air or gas is introduced between two 
surfaces to facilitate melting. In hot wedge technique, surfaces to be joined are passed on a 
hot metal wedge to melt the polymer, and then the interfaces are allowed to cool and solidify 
under controlled pressure to form a seam (Strokes, 1989). 
The main disadvantages of this technique are stiffness and fiber degradation caused 
due to excessive heat conducted through fibers. 
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Adhesive Bonding  
This technique utilizes an adhesive to join similar or non-similar materials. Generally, 
there are four ways to bond textiles using adhesives (Warwick Mills, n.d.). 
1. Mechanical Bonding – An open construction of a fabric and sufficient adhesive is 
necessary to penetrate in to the fabric for mechanical bonding. The adhesive is 
applied as water or solvent borne material, which when cured mechanically locks to 
the fabric. 
2. Hydrogen Bonding – A strong electrical attraction between the adhesive and the fiber 
is necessary for hydrogen bonding.  
3. Chemical Bonding – Chemical (or covalent) bonding occurs when there is a chemical 
reaction between the fiber and the adhesive; it is the most heat-resistant of all the 
types of adhesion. Ideal conditions for chemical bonding are clean fiber and intimate 
contact between adhesive and surface. 
4. Thermodynamic Bonding – On application of heat, the adhesive swells the top layer 
of textile and mechanically locks into the fiber layer.  
Adhesives are also used for sealing waterproof seams, increasing stiffness, and 
providing extra strength to a seam. Adhesives can be applied in several ways including 
nozzles and tapes. The disadvantages of adhesive bonding are addition of weight to the 
textile product and cost of adhesives.  
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Laser Enhanced Bonding (LEB) 
LEB technology was invented by Craig Neff of Light Technologies Group Ltd., in 
1986 (“Laser-Enhanced Bonding could Replace Sewing,” 1995). The process uses a laser to 
drive a readily available polymer adhesive into the materials being joined. 
The nozzle tip of the gun, which discharges the polymer into the seam, is a coaxial 
window through which near infrared beam from a laser is focused onto a liquid adhesive 
polymer as it is applied to the edges of the join (Hecht, 1995). The adhesive polymer 
conducts light energy to the nozzle area, which drives the heated agent into the adjacent 
materials forming a seam joint (DeMeis, 1995).  
While dissimilar materials can be joined by this method, compatibility of the 
materials and adhesive is important (DeMeis, 1995). The strength of the seam is closely 
linked to the laser energy input. Insufficient energy does not melt enough material to yield a 
strong weld, while excessive energy melts the fabrics completely, creating a line of weakness 
at the edge of the weld and reducing its strength (Jones, 2005). Both the polymer and the 
polymer-dispensing nozzle are custom designed for an intended application.  
Ultrasonic Seaming 
Sound can be defined as a longitudinal wave in a medium. The simplest sound waves 
are sinusoidal waves that have definite frequency, amplitude, and wavelength. The term 
“ultrasonic” refers to acoustic frequencies above the range audible to the human ear, or above 
approximately 20,000 Hz. Ultrasonic energy is mechanical vibratory energy, which operates 
at frequencies beyond audible sound (Flood, 1989). 
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Ultrasonic seaming offers many advantages as an alternative for joining fabrics. First, 
this technique requires no needles, solvents, adhesives, mechanical fasteners, or other 
consumables, therefore reducing cost. Second, as Flood (2000) notes, fiber degradation is 
minimized because heat energy is generated within the fibers using ultrasonic energy at the 
point of the joint site, unlike thermal bonding where heat energy is conducted through the 
fibers to melt them.  
This point bonding method, because of its nature, is clean, fast, non-contaminating, 
and efficient. Flood (1989) compared the productivity of conventional sewing and ultrasonic 
quilting. He noted that productivity went from 2 m/min to 10-20 m/min. Additional 
advantages of ultrasonic bonding are conservation of energy, possibility of precise automated 
assembly using computer-aided-manufacturing technology, and recyclability of the product, 
as foreign yarns are not used to make a seam.  
The commercial use of ultrasonic energy in the textile industry is a relatively new 
event (Flood, 1989). The Textile Machinery Group of Crompton & Knowles Corp. 
developed the ultrasonic seaming machine in the early 1970s (Mansfield, 2003). One of the 
early uses of ultrasonic bonding in textiles was in the manufacturing of mattress pads and 
bedspreads, known as the Pinsonic process (Flood). Now ultrasonics are used to seam, cut, 
slit, trim, tack, emboss, or seam and cut simultaneously. 
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Ultrasonic bonding mechanism. 
 The principle behind the ultrasonic bonding is simple. Ultrasonic energy and pressure 
are applied to an area to be bonded. The vibrations travel through the material, and the 
mechanical energy is converted to thermal energy due to intermolecular and surface friction. 
When sufficient heat is generated, the thermoplastic materials melt and bond with each other 
at the interface, followed by cooling and recrystallization. 
Ultrasonic bonding machines. 
A typical ultrasonic welder consists of four basic components: power supply, 
converter, booster, and horn, as illustrated in Figure 2. 
 
Figure 2. Ultrasonic Conversion Sequence 
 The generation of ultrasonic energy begins when a power supply converts 115V, 60 
Hz electrical energy into 15 to 40 kHz electrical energy, depending on the end application. A 
converter then transforms the electrical energy from the power supply to mechanical 
vibrations of 15 to 40 kHz (“The Branson Catalog of Ultrasonic Horns,” 1999).  
Ultrasonic 
Vibrations 
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The mechanical vibrations are then conducted through a booster, which is mounted 
between the converter and the horn (“Technical Information on Boosters,” 2002). Boosters 
are used to either increase or decrease the amplitude at the horn face to transmit the required 
energy to the joint interface (“Technical Information on Boosters”). The mechanical 
vibratory energy is transferred from the booster to the work piece by the horn. Another 
function of horn is to maintain pneumatic pressure necessary to form a weld, once joint 
surfaces melt. 
The integrity of a bond is dependent on the correct energy level, which is regulated by 
the force, time, and velocity factor. The velocity factor is obtained by using the correct horn 
and booster combination to provide the optimum amplitude for the type of material, seam 
design, and type of assembly to be performed (“Technical Information on Boosters,” 2002).  
Most ultrasonic production uses two basic modes of operation – plunge or 
continuous, depending on the application. In plunge mode, material is stationary and 
therefore weld length is dependent on the size of the machine as shown in Figure 3. In 
continuous mode of operation, material moves beneath a stationary horn as in a sewing 
machine, and, therefore, textiles can be welded at predetermined speed as shown in Figure 4. 
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Figure 3. Ultrasonic Assembly System, Plunge Mode of Operation 
 
 
 
 
 
 
 
Figure 4. Ultrasonic Fabric Sealing Machine, Continuous Mode of Operation 
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Bond site dynamics. 
 The integrity of a bond is dependent on the correct amount of energy provided, which 
is governed by Formula 1.  
 TPE ×=                       (1) 
Where  E = energy,  
P = power,  
T = time 
Power can be further broken down as follows. 
 VFP ×=                           (2) 
Where  F = force,  
V = velocity 
In other words, energy is dependent upon weld pressure, weld time, and amplitude of 
vibration as shown in Figure 5. Downspeed is the rate at which the horn comes down. 
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Energy = Power X Time 
 
 
 
 
Figure 5. Factors Affecting Integrity of an Ultrasonic Bond 
Different materials would require a specific amount of energy to provide adequate 
bonding as they have different transition temperatures, such as Tg and Tm.  
Machine parameters. 
 There are three critical ultrasonic process variables - pressure, amplitude, and time. 
Pressure and downspeed of the horn derive force, while frequency and amplitude derive 
velocity, as seen in Figure 5. 
 Amplitude is defined as the peak-to-peak longitudinal displacement at the face of the 
horn. It has a large impact on the ultrasonic process, in that the heat generated at the joint 
interface is proportional to the square of the amplitude (“Technical Information on Boosters,” 
2002). 
 Pressure applied during ultrasonic seaming is determined by a pneumatic pressure 
system, which can be easily adjusted by turning a knob. Weld time determines the length of 
Force Velocity 
Force can be varied 
by changing 
Factors of velocity  
are 
Downspeed   Frequency   Pressure   Amplitude   
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time a fabric is subjected to ultrasonic vibration. Time is a function of throughput speed in 
continuous mode of operation. 
 Another parameter in ultrasonic seaming is seam design. In continuous mode of 
operation, a rotary anvil underneath the fabric contains the seam design pattern. In plunge 
mode of operation, the horn above the fabric contains an attachment with the seam design. 
Seam designs range from a simple line to knurl and floral patterns. 
 Two sealing patterns, seam design I and II, were used in the study in continuous 
mode of operation; a staggered triple stitch pattern and a ¼” knurl pattern depicted in Figure 
6. The triple stitch pattern does not have a continuous weld area and resembles a pattern used 
on a conventional sewing machine. The knurl pattern results in continuous weld due to the 
design. A knurl pattern was also used in plunge mode of operation and is called seam design 
III to differentiate between the two modes of operation. 
 
 
 
Figure 6. Seam Designs Used in the Study: (a) Seam Design I -Knurl Pattern and (b) Seam 
Design II -Staggered Triple Stitch  
  
 
 
(a) (b) 
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Experimental Studies 
 Past research on ultrasonic welding technique focused on understanding the heating 
and bonding mechanisms and the effects of welding parameters on bond strength. However, 
most of the research in the past involved bulky polymers.  
Previous FTIR-ATR spectral studies on 50/50 nylon/cotton fabrics and polyurethane 
films show that no new chemical groups formed under ultrasonic bonding conditions (Shi & 
Little, 2000). A study on microstructres of ultrasonically welded polyethylene also indicated 
that no new chemical groups or bonds were formed (Mozgovoi et al, 1968). Therefore, 
ultrasonic bonding mechanism is essentially a physical process rather than a chemical 
process. 
 An ultrasonic welding process model based on a five-part model predicted that 
melting and flow occurs in steps, which was confirmed by experiments (Benatar & 
Gutowski, 1989). These are 
1. Mechanics and vibration of the parts 
2. Viscoelastic heating of the thermoplastics 
3. Heat transfer 
4. Flow and wetting 
5. Intermolecular diffusion. 
As mentioned before, when ultrasonic vibrations (sinusoidal strain) are subjected on a 
thermoplastic material, heat is generated due to intermolecular friction. The amount of heat 
generated is dependent on a material’s properties, specifically its complex modulus, which is 
a combination of storage and loss modulus (Goswami & Mao, 2001). The storage modulus 
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for a viscoelastic material is the in-phase modulus and is a measure of the ability to store 
energy. The loss modulus is the out-of-phase modulus and is a measure of the energy 
dissipated. Mao and Goswami (2001) numerically calculated the heat generated during 
ultrasonic bonding process of nonwovens using storage and loss moduli. The amount of heat 
generated is also dependent on processing parameters. Mao and Goswami (2001) found that 
heat generation is highly concentrated in the middle bonding positions. Heat conduction is 
much greater than the conductive heat loss to the air (Benatar and Gutowski, 1989). 
Chernyak et al. (1973) made an assumption in their study that hysteresis losses are the source 
of heat generation in the ultrasonic welding of plastics. The temperature change obtained 
theoretically on the basis of this assumption is in good agreement with experimental results.  
The rate of temperature change and the maximum temperature developed in the weld 
area depend on thermal properties of fabrics and welding parameters. Higher thermal 
conductance resulted in higher rates of temperature change (Shi & Little, 2000). Frankel and 
Wang (1980) found that rate of temperature increased with increase in amplitude of 
vibrations. Goswami and Mao (2001) observed that the rate of temperature rise was highest 
in the middle bonding positions.  
As the polymer melts and flows, intermolecular diffusion occurs across the interface 
due to the pressure applied. The diffusion of long polymer chains across the bond interface 
and entanglement of these chains is what gives the ultrasonic bond its strength (Benatar & 
Gutowski, 1989). It can be assumed that intermolecular diffusion occurs almost immediately 
after melting and achieving of intimate contact at the interface (Benatar & Gutowski). The 
bond strength increases with time at elevated temperature as diffusion interlinks polymer 
chains from opposite sides of the interface. However, significant flow of heated weld zone 
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material from the interface region causes alignment of polymer chains that weakens the weld 
(Tolunay, Dawson, & Wang, 1983). This can occur only if the sample is kept in a taut 
condition.  
The main parameters in the ultrasonic bonding process are amplitude, pressure, and 
time. In ultrasonic welding of polyethylene, Mordvintseva and Druzhinin (1964) observed 
that an optimum level of bond strength was achieved by changing the welding time and 
welding force. Beyond that optimum level, strength decreased. Frankel and Wang (1980), 
while studying ultrasonic welding of acrilonitrile-butadine-styrene, observed that the 
strongest weld was obtained in the case of longest weld time and lowest welding force from 
nine different welding conditions. Matsyuk and Bogdashevskii (1960) also found that the 
highest weld strength was attained at an intermediate value of weld force during ultrasonic 
welding of polyethylene. However, Shi and Little (2000) observed that the maximum weld 
strength was attained under longer weld time, lower weld pressure, and higher amplitude. 
Tolunay, Dawson, and Wang (1983) observed that the welding force has an 
appreciable effect on the heating rate, both at the interface and within part interior. Also, the 
bond strength increased with time up to a point. In a study to investigate the potential for 
building smart seams by incorporating optic fibers ultrasonically, Shi and Little (2000) 
observed that an increase in pressure led to an increase in the maximum temperature 
obtained. Also, increasing the weld pressure increased the weld strength initially but further 
increases in pressure caused a decrease in the strength. The same effect was observed in 
changing weld time. Goswami and Mao (2001) observed that lower speed caused a higher 
degree of bonding, and higher pressure also caused a higher degree of bonding. These 
findings are consistent with the behavior of heat generation as predicted by their model. 
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The amplitude of vibrations strongly affected the bonding strength obtained. A 
reduction in amplitude of vibrations resulted in a decrease in the temperature rising rate and 
the maximum temperature achieved at the interface (Shi & Little, 2000). 
While research gives guidance to understanding the ultrasonic bonding mechanism 
and the relationship between weld parameters and joining efficiency, it is limited to the 
specific polymers and seam design used. The available literature to date is limited to plunge 
mode of ultrasonic welding. The effect of parameters in continuous mode of ultrasonic 
welding is valuable, as continuous mode ultrasonic welding would lead to faster production 
rates and wider applications. 
Materials Suitable for Ultrasonic Welding 
When welding similar materials, in general, materials must have favorable 
characteristics to be successfully ultrasonically welded (“Technical report on ultrasonic 
welding characteristics of textiles and films,” 2003). These are 
1. 65% thermoplastic content (minimum) 
2. Uniform thickness 
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Materials Used in the Study 
  Three materials were used this investigation - PET, 65/35 PET/cotton blend, and 
Spectra. 
PET  
 The first polyester fiber, Terylene, was produced in England. It was first produced in 
the United States in 1951 by DuPont under the trade name Dacron. The Federal Trade 
Commission defines polyester as “manufactured fibers in which the fiber-forming substance 
is any long-chain synthetic polymer composed of at least 85% by weight of an ester of a 
substituted aromatic carboxylic acid, including but not restricted to substituted terephthalate 
units.” 
Polyester is derived from petroleum. The most common form of polyester is 
polyethylene terephthalate (PET). PET fibers have straight molecular chains that are packed 
closely together and are well oriented, with very strong hydrogen bonds. It has excellent 
abrasion resistance, tenacity, and resiliency. Other properties are high elongation, 
dimensional stability, and elastic recovery. Disadvantages of PET are poor absorbency and 
moderate thermal retention. Due to its properties, PET is used in a wide range of applications 
such as apparel, furnishings, and industrial fabrics. It is made in various constructions 
including woven, knit, and nonwoven. 
 PET was chosen for this study due to its wide range of applications. Also, no 
published literature exists involving ultrasonic welding of polyester in continuous mode of 
operation. 
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PET used in the study: 
• Warp 1/300 Denier Air jet textured; Weft 1/200 Denier Air jet textured; 3 x 2 twill 
weave 
• Fabric count: 76 ends/inch x 68 picks/inch 
• Weight: 7.9 oz/yd2 
• Thickness: 0.4 mm 
65/35 PET/Cotton Blend 
Blends are produced to balance technical properties for a particular textile product, to 
produce a cheaper product by blending a low cost fiber with a more expensive one, or to 
produce special color effects by blending fibers with different dyeing characteristics.  
PET/cotton blend is one of the most common blends manufactured. The blend 
combines the softness and moisture absorption of cotton with the dimensional stability and 
hard-wearing and easy care qualities of polyester. The convoluted shape of the cotton fibers 
gives products greater bulk and cover compared with 100% PET. 
A 65/35 PET/cotton blend was included in this study as it is widely used in many 
applications in apparel and furnishings. This blend also meets the minimum 65% 
thermoplastic content requirement for successful ultrasonic welding. 
65/35 PET/cotton blend used in the study 
• Warp 1/100 Denier; Weft 1/100 Denier; 1 x 1 plain weave 
• Fabric count: 112 ends/inch x 54 picks/inch 
• Weight: 3 oz/yd2 
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• Thickness: 0.02 mm 
Spectra 
 Spectra is Allied-Signal’s trade name for an olefin fiber produced by gel spinning. 
Spectra fiber is one of the world’s strongest and lightest fibers. A bright white polyethylene, 
it is, pound-for-pound, ten times stronger than steel and more durable than polyester and has 
a specific strength that is 40 percent greater than aramid fiber.     
Spectra fiber is made from ultra-high molecular weight polyethylene that is used in a 
patented gel-spinning process. The gel-spinning process and subsequent drawing steps allow 
Spectra fiber to have a much higher melting temperature (150 °C or 300 °F) than standard 
polyethylene. With outstanding toughness and extraordinary viscoelactic properties, Spectra 
can withstand high-load strain-rate velocities. Light enough to float, it also exhibits high 
resistance to chemicals, water, and ultraviolet light. It has excellent vibration damping, flex 
fatigue and internal fiber-friction characteristics, and Spectra fiber’s low dielectric constant 
makes it virtually transparent to radar. It is approximately 75% crystalline in nature. The 
main disadvantage of Spectra is its low melting temperature. 
Spectra fiber is used in numerous high-performance applications, including police 
and military ballistic-resistant vests, helmets, armored vehicles, sailcloth, fishing lines, 
marine cordage, lifting slings, and cut-resistant gloves. Spectra 900 was the first 
commercially available extended-chain, high-strength polyethylene fiber and the first in a 
series of Spectra fibers (Honeywell).  
  Spectra is used in end applications where high strength is crucial. It is therefore 
equally important to have seams whose strength is as close as possible to the fabric strength. 
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As there has been no research involving ultrasonic welding of Spectra, this fiber was chosen 
for the study. 
Spectra fabric used in the study 
• Warp 1/800 Denier; Weft 1/700; 1 x 1 plain weave 
• Fabric count: 34 ends/inch x 34 picks/inch 
• Weight: 6 oz/yd2 
• Thickness: 0.44 mm 
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CHAPTER 3: METHODOLOGY 
The research design paradigm is quantitative and the research method is quasi-
experiment. This chapter gives a detailed account of the experiment including experimental 
design, sample size and selection, unit of analysis, data collection process, and 
instrumentation. 
Research Question 
What is the effect of weld pressure, weld time, amplitude, seam design, and material 
properties on seam efficiency and stiffness? How does an ultrasonic seam compare to a 
conventional sewn seam? How does an ultrasonic seam from continuous mode of operation 
compare with a seam from plunge mode of operation in seam efficiency and stiffness? 
Research Design 
Data collection method is experiment. The unit of analysis is artifact. 
• The pretest is breaking strength and stiffness of three fabrics PET, 65/35 PET/cotton 
blend, and Spectra fabrics. The test procedures are described in the subsequent pages 
of this chapter. 
• A sewn seam is constructed from PET, 65/35 PET/cotton blend, and Spectra. 
• An ultrasonic seam is constructed from PET, 65/35 PET/cotton blend, and Spectra. 
• The posttest is seam strength and stiffness of each ultrasonic seam. 
• The posttest is seam strength and stiffness of sewn seam. 
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• Seam efficiency and stiffness of a sewn seam and an ultrasonic seam in each fabric 
are compared for posttest comparison. 
• The posttest and the pretest are compared. The breaking force and stiffness of each 
fabric is compared to the seam strength and stiffness of a sewn seam and ultrasonic 
seam in that fabric. 
Experimental Design 
Classical factorial design was used to correlate weld parameters to seam efficiency 
and stiffness. Based on preliminary studies, four experimental designs were formulated 
because Spectra and PET have very different transition temperatures, which would require a 
large sampling number to include both fabrics in one experimental design. In addition, four 
experimental designs were used to separate continuous and plunge mode of operation. 
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Table 1 
Experimental Design I – Machine Parameters for 100% PET using Continuous Mode of 
Operation  
  Pressure 40 psi Pressure 45 psi Pressure 60 psi 
              Seam Aa Aa Aa Aa Aa Aa Aa Aa Aa 
Speed Design 70 m 93 m 110 m 70 m 93 m 110 m 70 m 93 m 110 m 
I x x x x x x x x x 22.5 
f/m II x x x x x x x x x 
I x x x x x x x x x 
30 f/m 
II x x x x x x x x x 
I x x x x x x x x x 37.5 
f/m II x x x x x x x x x 
Note. Total conditions 54.  
a
 Amplitude 
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Table 2 
Experimental Design I – Machine Parameters for 65/35 PET/Cotton using Continuous Mode 
of Operation  
  Pressure 40 psi Pressure 45 psi Pressure 60 psi 
 Seam Aa Aa Aa Aa Aa Aa Aa Aa Aa 
Speed Design 70 m 93 m 110 m 70 m 93 m 110 m 70 m 93 m 110 m 
I x x x x x x x x x 22.5 
f/m II x x x x x x x x x 
I x x x x x x x x x 
30 f/m 
II x x x x x x x x x 
I x x x x x x x x x 37.5 
f/m II x x x x x x x x x 
Note. Total conditions 54.  
a
 Amplitude 
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Table 3 
Experimental Design II – Machine Parameters for Spectra with Polyurethane Adhesive Tape 
using Continuous Mode of Operation in Seam Design II 
 Pressure 40 psi Pressure 50 psi 
 Aa  Aa Aa Aa 
Speed 46 m 58 m 46 m 58 m 
15 f/m x x x x 
22.5 f/m x x x x 
Note. Total conditions 8.  
a
 Amplitude 
Table 4 
Experimental Design III - Machine Parameters for 100% PET using Plunge Mode of 
Operation in Seam Design III 
 Weld Time Pressure 30 psi Pressure 35 psi Pressure 40 psi 
1.5 s x x x 
2.0 s x x x 
3.0 s x x x 
Note. Total conditions 9. Amplitude (60µm) and down speed (2”sec-1) are constant. 
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Table 5 
Experimental Design III – Machine Parameters for 65/35 PET/Cotton using Plunge Mode of 
Operation in Seam Design III 
 Weld Time Pressure 30 psi Pressure 35 psi Pressure 40 psi 
1.5 s x x x 
2.0 s x x x 
3.0 s x x x 
Note. Total conditions 9. Amplitude (60µm) and down speed (2”/sec) are constant. 
Table 6 
Experimental Design IV – Machine Parameters for Spectra with and without Polyurethane 
Film using Plunge Mode of Operation in Seam Design III 
  Spectra  Spectra with Adhesive Tape 
 Time Pressure 
30 psi 
Pressure 
35 psi 
Pressure 
40 psi 
Pressure 
30 psi 
Pressure 
35 psi 
Pressure 
40 psi 
1.0 s x x x x x x 
2.0 s x x x x x x 
3.0 s x x x x x x 
Note. Total conditions 9. Amplitude (60µm) and down speed (2”/sec) are constant. 
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Breaking Strength 
Test Procedure: Standards Test Method for Breaking Strength and Elongation of Textile 
Fabrics (Grab Test), ASTM D 5034 (American Society of Testing and Materials, 1995) 
Specimen size and number: Four specimens, each measuring 51 mm x 150 mm, were cut 
with the long side along the weft direction in each fabric. 
Apparatus: CRE type MTS Tensile Testing Machine with 25 mm x 25 top and bottom jaws. 
Calibration: A 75 mm distance between the upper and lower jaws and a jaw speed of 300 
mm/min was maintained as specified by the test method. 
Procedure: 
1. To aid in placement of specimens centrally in the clamp jaws, vertical and horizontal 
guides were drawn. 
2. The specimen was mounted such that there is equal length of fabric extending beyond 
the jaws vertically and horizontally. 
3. The jaws were separated at a 300 mm/min constant rate of extension until the fabric 
ruptured. 
4. The breaking force or the peak load was noted. 
5. Steps 1-4 were repeated for the remaining test specimens. 
Evaluation: The breaking force (in lbf) required to rupture a fabric specimen was read 
directly from the MTS Tensile Tester. 
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Seam Strength 
Test Procedure: Standard Test Method for Failure in Sewn Seams of Woven Apparel Fabrics, 
 ASTM D 1683 (American Society of Testing and Materials, 1990a). 
This test method is used to measure the maximum sewn seam strength that can be achieved 
in woven fabrics when a force is applied perpendicular to the seam. This test method is also 
used to measure seam strength of ultrasonically joined seam. 
Specimen size and number: Two pairs of fabrics, each measuring 152.4 mm x 254 mm, were 
cut with the longest length being parallel to the warp for every condition in each fabric. 
Apparatus: CRE type MTS Tensile Testing Machine with 25 mm x 25 mm top and bottom 
jaws, Industrial sewing machine, Branson Ultrasonic Fabric Sealing System, model F-90, 
Branson Ultrasonic Assembly System, model 2000d/aed.  
Calibration: A 75mm distance between the upper and lower jaws and a jaw speed of 300 
mm/min was maintained as specified by the test method. 
Procedure: 
1. Sample preparation for sewn seam: The long sides of two pieces of fabric were sewn 
together at 8 stitches/inch with 12.5 mm seam allowance. From each seam assembled, 
four specimens were cut, each with a dimension of 50 mm in width parallel to the 
stitch line and a length of 152.4 mm perpendicular to stitch line.   
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2. Sample preparation for ultrasonic seam: The long sides of two pieces of fabric were 
joined using ultrasonic energy with pressure, amplitude and speed/time set at values 
as directed by the experimental design with 12.5 mm seam allowance. From each 
seam assembled, four specimens were cut each with a dimension of 50 mm in width 
parallel to the stitch line and a length of 152.4 mm perpendicular to stitch line. A 
seam is assembled for each condition. 
3. To aid in placement, vertical alignment guides were drawn at 12.5 mm from both 
edges on top and bottom of the specimen. 
4. The specimen is placed in the clamps in the open position with the seam line centrally 
located between the clamp faces and perpendicular to the pulling force. 
5. The jaws were separated at a 300 mm/minute constant rate of extension until the 
sewn/ultrasonic seam or fabric ruptured. 
6. The breaking force or the peak load was noted. 
7. Steps 1-6 were repeated for the remaining test samples. 
Evaluation: The breaking force (in lbf) required to rupture a seam or fabric specimen was 
read directly from the MTS Tensile Tester. The maximum seam strength of individual 
specimen was calculated using Equation 3: 
 Ss = kSb/Ws                  (3) 
Where  Ss = sewn seam strength (lbf),  
k = a constant equal to 1 for inch-pound units,  
Sb = observed seam breaking force (lbf), and  
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Ws = width of specimen in jaws (inch) 
Seam Efficiency is calculated using Equation 4: 
E = 100 Ss /Fb          (4) 
Where  E = seam efficiency %,  
Ss = sewn seam strength (lbf), and  
Fb = fabric breaking force (lbf) 
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Stiffness 
Test Procedure: Taber V-5 Stiffness Tester Model 150-B operating instructions 
This test method is used to measure the stiffness or resistance to bending of flexible 
materials. Based on preliminary testing, test range number two was used to measure PET and 
PET/Cotton blend fabric and seam stiffness. Test range number three was used to measure 
Spectra fabric and seam stiffness.  
Specimen size and number:  
1. Test range number two, fabric stiffness: Four specimens consisting of two pairs of 
fabrics, each measuring 3.81 mm x 3.81 m, were cut with the weft direction marked 
on the specimen. 
2. Test range number two, PET and PET/Cotton blend seam stiffness: Four specimens 
measuring 3.81 mm x 3.81 m were cut with the seam centered. 
3. Test range number three, Spectra seam stiffness: Four specimens measuring 3.81 mm 
x 7 mm was cut with the seam centered and parallel to the longer side. 
Apparatus: Taber V-5 Stiffness Tester, Model 150-B, Industrial sewing machine, Branson 
Ultrasonic Fabric Sealing System, model F-90, Branson Ultrasonic Assembly System, model 
2000d/aed.  
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Procedure: 
1. Sample preparation, seam assembly: Two pairs of fabrics, each measuring 76 mm x 
20 mm, were cut with the longest length parallel to the warp for every condition in 
each fabric. 
2. Sample preparation for sewn seam: The long sides of two pieces of fabric were sewn 
together with the sew line centered at 8 stitches/inch.  
3. Sample preparation for ultrasonic seam: The long sides of two pieces of fabric were 
joined using ultrasonic energy with pressure, amplitude, and speed/time set at values 
as directed by the experimental design. The seam was centered.  
4. The instrument was adjusted using adjustment feet such that the black line of the 
pendulum window lines up with the zero line on the drive disc. 
5. The test specimen was inserted into the clamp such that the top of the specimen is no 
more than 1/16” above the top of the clamp. 
6. The specimen was secured by tightening the clamp, taking care not to crush the 
specimen. 
7. For test range number two, the right roller was adjusted until it just made contact with 
the test specimen. The left roller was adjusted until it just made contact with the test 
specimen and then backed off with a ¼ turn of the adjustment knob. 
8. For test range number three, the left roller was adjusted until it just made contact with 
the test specimen. The right roller was adjusted until it just made contact with the test 
specimen and then backed off with a ¼ turn of the adjustment knob. 
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9. After the motor was switched on, light pressure was applied to the control switch to 
rotate the driving disc to the left until the pendulum was aligned with the 15 mark. 
The dial reading was recorded. 
10. Step nine was repeated in the opposite direction. 
Evaluation: For test range number two, the average of the left and right readings was taken 
and multiplied by 0.1 to obtain the stiffness of an individual specimen in Taber Stiffness 
Units. For test range number three, the average of the left and right readings was taken and 
multiplied by 1 to obtain the stiffness of an individual specimen in Taber Stiffness Units.   
 Taber Stiffness Units are the unit of measurement that results after the test material 
has been deflected to the left and right and the average is calculated. Taber Stiffness Units 
are defined as the bending moment of one fifth of a gram applied to a 3.81 cm wide specimen 
at a 5 cm test length, flexing it to an angle of 15°. A Stiffness Unit is the equivalent of one 
gram centimeter (g.cm). A Taber Stiffness Unit can be converted into millinewton meters 
(mN.m) by multiplying the number by 0.098067. 
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Data Analysis 
Regression analysis was used to analyze the individual and interactive effect of the 
variables on seam efficiency and stiffness. 
Analytical Tests 
Analytical tests such as DSC, SEM, and density were used to study the bond 
characteristics. SEM makes it possible to look physically at surface morphology of the bond 
while density test gives the degree of crystallinity. DSC gives the specific heat of the 
material, which is essentially the ability of the material to absorb energy.  
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CHAPTER 4: RESULTS 
Introduction 
This chapter presents the results of the experiments in two sections. The first section 
addresses the effect of weld parameters on seam efficiency. Statistical significance of the 
individual and interactive effects was determined using regression. Regression results of only 
the significant variables are presented in most cases. Comparison of seam efficiency of 
ultrasonic seam and conventional seam and comparison of seam efficiency from plunge 
mode and continuous mode of operation in PET, PET/Cotton, and Spectra are presented in 
this section. 
The second section addresses the effect of weld parameters on stiffness. Statistical 
significance of the individual and interactive effects was determined using regression. 
Regression results of only the significant variables are presented. Comparison of stiffness in 
ultrasonic seam and conventional seam and comparison of stiffness from plunge mode and 
continuous mode of operation on PET, PET/Cotton, and Spectra are presented in this section. 
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PET Seam Design I: Seam Strength 
Refer to Appendix A for a complete list of observed experimental values for seam 
strength in seam design I. Where seam strength is zero, a seam did not form due to 
insufficient melting of the polymer or disintegration of the polymer.  
Total number of test values, N = 27 conditions x 4 repetitions = 108.  
Table 7 
Regression at 95% Confidence Level for Seam Strength of PET with Seam Design I  
Model Significance Value    
F 21.54    
Significance F < .01    
Parameter Significance     
Source b SE t p 
Speed (f/m) -1.02 0.22 -4.64 < .01 
 
Note. R2 = .46, N = 27. 
Observations: 
• 46% of variance in seam strength is explained by speed. 
• Since significance F is lower than .05, regression model is significant. 
• Since p value is less than  = .05, speed is significantly contributing to the seam 
strength. 
Summary: Of the three variables (speed, pressure, and amplitude), speed significantly 
influenced seam strength. As speed increased, seam strength decreased, showing an inverse 
relationship as projected from the negative value of coefficient in Table 7 and trend analysis 
in Figure 7. From Equation 1, it can be seen that time contributes to the energy generated. As 
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speed increased, time decreased. As a result, the amount of energy generated was reduced, 
resulting in less polymer melt and intermingling of polymers between the two layers, leading 
to a weaker bond.  
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Figure 7. Trend Analysis of Speed & Seam Strength of PET in Seam Design I  
Table 8 
Comparison of Seam Strength at 22.5 f/m, 30 f/m, and 37.5 f/m Speed 
Speed (f/m) M Seam Strength (N) M Seam Strength (lbf) SD CI 
22.50 70.76 15.90 9.83 8.41 
30.00 33.06 7.43 7.32  
37.50 2.54 0.57 1.70  
   
Here, q(3, 27) at 95% confidence level = 3.53; n = 9. Seam strength at speed 22.5 f/m was 
significantly higher from speed 30 f/m and 37.5 f/m. There is no significant difference in 
seam strength at 30 f/m and 37.5 f/m speed. Therefore, the critical speed is 22.5 f/m. 
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PET Seam Design II: Seam Strength 
Refer to Appendix B for a complete list of observed experimental values for seam 
strength in seam design II. Where seam strength is zero, a seam did not form either due to 
insufficient melting of the polymer or disintegration of the polymer.  
Total number of test values N = 27 conditions x 4 repetitions = 108. 
Table 9 
Regression at 95% Confidence Level for Seam Strength of PET with Seam Design II 
Model Significance Value    
F 30.39    
Significance F < .01    
Parameter Significance     
Source b SE t p 
Speed (f/m) - 0.92 0.13 - 7.20 < .01 
 
Amplitude (u) 0.14 0.05 3.00 < .01 
 
Note. R2 = .72, N = 27.  
   
Observations 
• 72% of variance in seam strength is explained by speed and amplitude. 
• Since significance F is lower than .05, regression model is significant. 
• Since p value is less than  = .05, speed and amplitude are the variables significantly 
contributing to the seam strength variance. 
Summary: Of the three variables (speed, pressure, and amplitude), speed and amplitude 
significantly influenced seam strength. As speed increased, seam strength decreased, 
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showing an inverse relationship as projected from the negative value of coefficient in Table 9 
and trend analysis in Figure 8. 
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Figure 8. Trend Analysis of Speed & Seam Strength of PET in Seam Design II  
Table 10 
Comparison of Seam Strength at 22.5 f/m, 30 f/m, and 37.5 f/m Speed 
 
Here, q(3, 27) at 95% confidence level = 3.53; n = 9.  
Seam strength at speed 22.5 f/m was significantly different from speed 30 f/m and 
37.5 f/m. Seam strength at speed 30 f/m was significantly different from speed 37.5 f/m.  
 
Speed (f/m) M Seam Strength (N) M Seam Strength (lbf) SD CI 
22.50 72.36 16.26 1.29 5.55 
30.00 36.58 8.22 6.93  
37.50 11.13 2.50 4.14  
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PET Seam Design III: Seam Strength 
Refer to Appendix C for a complete list of observed experimental values for seam 
strength in seam design III.  
Total number of test values N = 9 conditions x 4 repetitions = 36.  
Table 11 
Regression at 95% Confidence Level for Seam Strength of PET with Seam Design III 
Model Significance Value    
F Calc 1.84    
Significance F .26    
Parameter Significance     
Source b SE t p 
Pressure (psi) 1.50 1.12 1.34 .24 
Time (sec) 22.28 17.48 1.27 .26 
Time x Pressure -0.74 0.50 -1.49 .20 
Note. R2 = .52, N = 9. 
Observations 
• Significance F is greater than .05 and therefore, regression model is not significant. 
• Since p value is higher than  = .05, none of the variables significantly influence 
seam strength. 
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Table 12 
Seam Efficiency of PET Ultrasonic Seam vs. Conventional Seam 
Material - Seam Design Maximum Seam Efficiency % 
PET - Seam Design I 20.98 
PET - Seam Design II 16.60 
PET - Seam Design III 23.21 
PET - Conventional seam 28.63 
 
Seam efficiency can be expressed as a percentage of the breaking force required to rupture a 
seam to that required to rupture the fabric and is calculated using Equation 4.   
Table 13 
Seam Efficiency of PET Ultrasonic Seam using Continuous Mode vs. Plunge Mode of 
Operation 
 
 
 
 
 
In plunge mode, material is stationary and therefore weld length is dependent on the 
size of the machine. In continuous mode of operation, material moves beneath a stationary 
horn at predetermined speed. Seam design III using plunge mode ultrasonic machine showed 
higher seam efficiency than seam design I and II. This may be attributed to the wider seam 
from plunge mode ultrasonic machine. 
Mode of Operation Maximum Seam Efficiency % 
PET Seam Design I - Continuous 20.98 
PET Seam Design II - Continuous 16.60 
PET Seam Design III - Plunge 23.21 
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PET/Cotton Seam Design I: Seam Strength 
Refer to Appendix D for a complete list of observed experimental values for seam 
strength in seam design I. Where seam strength is zero, a seam did not form either due to 
insufficient melting of the polymer or disintegration of the polymer.  
Total number of test values N = 27 conditions x 4 repetitions = 108. 
Table 14 
Regression at 95% Confidence Level for Seam Strength of PET/Cotton with Seam Design I 
Model Significance Value    
F 21.97    
Significance F < .01    
Parameter Significance     
Source b SE t p 
Speed (f/m) -1.23 0.21 -5.81 < .01 
Speed x Pressure 0.01 0.01 4.66 < .01 
Amplitude x Pressure -0.01 0.001 -3.84 < .01 
Speed x Amplitude 0.01 0.001 4.68 < .01 
Note. R2 = .80, N = 27. 
Observations 
• 80% of variance in seam strength is explained by speed, speed x pressure, amplitude 
x pressure, and speed x amplitude. 
• Since significance F is lower than .05, regression model is significant. 
• Since p value is less than  = .05, speed is significantly contributing to the seam 
strength.   
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• Since p-value is less than  = .05, interactive effect of speed x amplitude, speed x 
pressure, and amplitude x pressure is significantly contributing to seam strength. 
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Figure 9. Trend Analysis of Speed & Seam Strength of PET/Cotton in Seam Design I  
Table 15 
Comparison of Seam Strength at 22.5 f/m, 30 f/m, and 37.5 f/m Speed 
Speed (f/m) M Seam Strength (N) M Seam Strength (lbf) SD CI 
22.50 36.13 8.12 0.31 1.77 
30.00 31.37 7.05 1.24  
37.50 21.05 4.73 2.27  
 
Here, q(3, 27) at 95% confidence level = 3.53; n = 9.  
Seam strength at speed 22.5 f/m was not significantly different from speed 30 f/m. It was, 
however, significantly higher than seam strength at 37.5 f/m. Seam strength at speed 30 f/m 
is significantly higher than seam strength at 37.5 f/m speed. Therefore, 30 f/m speed is 
optimal for higher productivity. 
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PET/Cotton Seam Design II: Seam Strength 
Refer to Appendix E for a complete list of observed experimental values for seam 
strength in seam design II. Where seam strength is given as zero, a seam did not form due to 
insufficient melting of the polymer or disintegration of the polymer.  
Total number of test values N = 27 conditions x 4 repetitions = 108.  
Table 16 
Regression at 95% Confidence Level for Seam Strength of PET/Cotton with Seam Design II 
Model Significance Value    
F 30.48    
Significance F < .01    
Parameter Significance     
Source b SE t p 
Speed (f/m) -1.56 0.22 -6.96 < .01 
Speed x Amplitude 0.007 0.001 6.08 < .01 
Amplitude x Pressure -0.003 0.0007 -4.41 < .01 
Speed x Pressure 0.013 0.002 5.61 < .01 
Note. R2 = .85, N = 27. 
Observations 
• 85% of variance in seam strength is explained by speed, speed x amplitude, speed x 
pressure, and amplitude x pressure. 
• Since significance F is lower than .05, regression model is significant. 
• Since p value is less than  = .05, speed significantly contributes to seam strength.  
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• Since p-value is less than  = .05, interactive effect of speed x amplitude, speed x 
pressure, and amplitude x pressure is significantly contributing to seam strength. 
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Figure 10. Trend Analysis of Speed & Seam Strength of PET/Cotton in Seam Design II 
Table 17 
Comparison of Seam Strength at 22.5 f/m, 30 f/m, and 37.5 f/m Speed 
Speed (f/m) M Seam Strength (N) M Seam Strength (lbf) SD CI 
22.50 41.87 9.41 0.86 2.46 
30.00 36.09 8.11 1.94  
37.50 26.70 6.00 2.94  
 
Here, q(3, 27) at 95% confidence level = 3.53; n = 9.  
Seam strength at speed 22.5 f/m was not significantly different from speed 30 f/m. It was, 
however, significantly higher than seam strength at speed 37.5 f/m. Seam strength at speed 
30 f/m is not significantly higher from 37.5 f/m speed. Therefore, 30 f/m speed is optimal for 
higher productivity. 
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PET/Cotton Seam Design III: Seam Strength 
Refer to Appendix G for a complete list of observed experimental values for seam 
strength in seam design III. Where seam strength is zero, a seam did not form either due to 
insufficient melting of the polymer or disintegration of the polymer.   
Total number of test values N = 9 conditions x 4 repetitions = 36.  
Table 18 
Regression at 95% Confidence Level for Seam Strength of PET/Cotton with Seam Design III 
Model Significance Value    
F 25.14    
Significance F < .01    
Parameter Significance     
Source b SE t p 
Pressure (psi) 
0.25 0.04 6.01 < .01 
Time (sec) 
1.03 0.27 3.76 < .01 
Note. R2 = .89, N = 9. 
Observations 
• 89% of variance in seam strength is explained by time and pressure. 
• Since significance F is lower than .05, regression model is significant. 
• Since p value is less than  = .05, time and pressure significantly contribute to seam 
strength.   
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Table 19 
Seam Efficiency of PET/Cotton Ultrasonic Seam and PET/Cotton Conventional Seam 
Material - Seam Design Maximum Seam Efficiency % 
PET/Cotton - Seam Design I 15.45 
PET/Cotton - Seam Design II 19.40 
PET/Cotton - Seam Design III 11.7 
PET/Cotton - Conventional seam 22.94 
 
Table 20  
Seam Efficiency of PET/Cotton Ultrasonic Seam using Continuous Mode vs. Plunge Mode of 
Operation 
Mode of Operation Maximum Seam Efficiency % 
PET/Cotton Seam Design I – Continuous 15.45 
PET/Cotton Seam Design II – Continuous 19.40 
PET/Cotton Seam Design III - Plunge 11.7 
 
In plunge mode, material is stationary and therefore weld length is dependent on the 
size of the machine. In continuous mode of operation, material moves beneath a stationary 
horn at predetermined speed. Seam II using continuous mode ultrasonic machine showed 
higher seam efficiency than seam I and III.  
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Spectra Seam Design II with Adhesive Tape: Seam Strength 
Refer to Appendix H for a complete list of observed experimental values for seam 
strength in seam design II with adhesive tape.   
Total number of test values N = 8 conditions x 4 repetitions = 32.  
Table 21 
Regression at 95% Confidence Level for Seam Strength of Spectra with Seam Design II 
Model Significance Value    
F 13.01    
Significance F .01    
Parameter Significance     
Source b SE t p 
Speed (f/m) -1.05 0.2 -3.6 0.01 
Note. R2 = .68, N = 8. 
Observations 
• 68% of variance in seam strength is explained by speed. 
• Since significance F is lower than .05, regression model is significant. 
• Since p value is less than  = .05, speed significantly contributes to seam strength.   
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Spectra Seam Design III: Seam Strength 
Refer to Appendix I for a complete list of observed experimental values for seam 
strength in seam design III.   
Total number of test values N = 9 conditions x 4 repetitions = 32.  
Table 22 
Regression at 95% Confidence Level for Seam Strength of Spectra with Seam Design III 
Model Significance Value    
F 2.75    
Significance F .14    
Parameter Significance     
Source b SE t p 
Pressure (psi) 0.10 0.175 0.63 .55 
Time (sec) 1.87 0.83 2.26 .06 
Note. R2 = .48, N = 9. 
Observations 
• Since significance F is lower than .05, regression model is not significant. 
• Since p value for pressure and time is higher than  = .05, none of the variables 
significantly influence seam strength. 
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Spectra Seam Design III with Adhesive Tape: Seam Strength 
Refer to Appendix J for a complete list of observed experimental values for seam 
strength in seam design III with adhesive tape.   
Total number of test values N = 9 conditions x 4 repetitions = 32.  
Table 23 
Regression at 95% Confidence Level for Seam Strength of Spectra with Seam Design III and 
Adhesive Tape 
Model Significance Value    
F 3.56    
Significance F .09    
Parameter Significance     
Source b SE t p 
Pressure (psi) -0.18 0.17 -1.07 .33 
Time (sec) -2.10 0.86 -2.45 .05 
Note. R2 = .54, N = 9. 
Observations 
• Since significance F is lower than .05, regression model is not significant. 
• Since p value for pressure and time is higher than  = .05, none of the variables 
significantly influence seam strength. 
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Table 24 
Seam Efficiency of Spectra Ultrasonic Seam and Conventional Seam 
Material - Seam Design Maximum Seam Efficiency % 
Spectra AT  - Seam Design II 4.09 
Spectra  - Seam Design III 2.23 
Spectra AT - Seam Design III 3.20 
Spectra Conventional Seam 7.83 
 
Seam efficiency can be expressed as a percentage of the breaking force required to rupture a 
seam to that required to rupture the fabric and is calculated using Equation 4. 
Table 25 
Seam Efficiency of Spectra Ultrasonic Seam using Continuous Mode vs. Plunge Mode of 
Operation 
 
 
 
 
 
In plunge mode, material is stationary and therefore weld length is dependent on the 
size of the machine. In continuous mode of operation, material moves beneath a stationary 
horn at predetermined speed. 
Seam design II using continuous mode ultrasonic machine showed higher seam 
efficiency than seam design III with and without adhesive tape.  
Mode of Operation Maximum Seam Efficiency % 
Spectra AT Seam Design II – Continuous 4.09 
Spectra Seam Design III – Plunge 2.23 
Spectra AT Seam Design III - Plunge 3.20 
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Breaking Strength of the Materials Used in the Study 
Table 26 
Observed values for Breaking Strength of PET, PET/Cotton, and Spectra 
Material M Breaking Strength (N) M Breaking Strength (lbf) 
PET 501.07 112.6 
PET/Cotton 247.87 55.7 
Spectra 2002.50 450.0 
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PET Seam Design I: Stiffness 
Refer to Appendix A for a complete list of observed experimental values for stiffness 
in seam design I. Where seam strength is zero, a seam did not form either due to insufficient 
melting of the polymer or disintegration of the polymer.   
Total number of test values N = 27 conditions x 4 repetitions = 108. 
Table 27 
Regression at 95% Confidence Level for Stiffness of PET with Seam Design I 
Model Significance Value    
F 9.64    
Significance F < .01    
Parameter Significance     
Source b SE t p 
Speed (f/m) -0.14 0.04 -3.10 < .01 
Note. R2 = .28, N = 27. 
Observations 
• 28% of variance in stiffness is explained by speed. 
• Since significance F is lower than .05, regression model is significant. 
• Since p value is less than  = .05, speed significantly contributes to stiffness.  
Summary: Of the three variables (speed, pressure, and amplitude), speed significantly 
influenced stiffness. As speed increased, stiffness decreased showing an inverse relationship 
as projected from the negative coefficient value in Table 25 and trend analysis in Figure 11.   
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Figure 11. Trend Analysis of Speed and Stiffness of PET in Seam Design I 
Table 28 
Comparison of Stiffness at 22.5 f/m, 30 f/m, and 37.5 f/m Speed 
Speed (f/m) M Stiffness (mN.m) M Stiffness (g.cm) SD CI 
22.50 0.22 2.23 1.60 1.67 
30.00 0.16 1.60 1.77  
37.50 0.02 0.21 0.62  
 
Here, q(3, 27) at 95% confidence level = 3.53; n = 27.  
Stiffness at speed 22.5 f/m was not significantly different from speed 30 f/m but significantly 
different at speed 37.5 f/m. There is no significant difference between stiffness at speed 30 
f/m and 37.5 f/m. Therefore, the critical speed is 30 f/m. 
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PET Seam Design II: Stiffness 
Refer to Appendix B for a complete list of observed experimental values for stiffness 
in seam design II. Where stiffness is given as zero, a seam did not form either due to 
insufficient melting of the polymer or disintegration of the polymer. 
Total number of test values N = 27 conditions x 4 repetitions = 108.  
Table 29 
Regression at 95% Confidence Level for Stiffness of PET with Seam Design II 
Model Significance Value    
F 31.75    
Significance F < .01    
Parameter Significance     
Source b SE t p 
Pressure (psi) 0.027 0.006 4.429 < .01 
Amplitude (u) 0.013 0.003 4.19 < .01 
Speed (f/m) -0.06 0.009 -7.62 < .01 
Note. R2 = .81, N = 27. 
Observations 
• 81% of variance in stiffness is explained by pressure, speed, and amplitude. 
• Since significance F is lower than .05, regression model is significant. 
• From p values are less than  = .05, pressure, speed and amplitude significantly 
contribute to stiffness. 
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Summary: Pressure, speed and amplitude significantly influenced stiffness. As speed 
increased, stiffness decreased, showing an inverse relationship as projected in Table 27. 
Stiffness increased as both pressure and amplitude increased, as seen in Figure 12.  
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Figure 12. Effect of Speed, Pressure, and Amplitude on Stiffness of PET in Seam Design II 
Table 30 
Comparison of Stiffness at 22.5 f/m, 30 f/m, and 37.5 f/m Speed 
 
 
 
 
 
 
Here, q(3, 27) at 95% confidence level = 3.53; n = 27.  
Stiffness at speed 22.5 f/m was significantly different from speed 30 f/m and 37.5 f/m. 
Stiffness at 30 f/m speed was not significantly different from speed 37.5 f/m.     
Speed (f/m) M Stiffness (mN.m) M Stiffness (g.cm) SD CI 
22.50 0.11 1.15 0.53 0.48 
30.00 0.04 0.40 0.39  
37.50 0.02 0.18 0.27  
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PET Seam Design III: Stiffness 
Refer to Appendix C for a complete list of observed experimental values for stiffness 
in seam design III.  
Total number of test values N = 9 conditions x 4 repetitions = 36.  
Table 31 
Regression at 95% Confidence Level for Stiffness of PET with Seam Design III 
Model Significance Value    
F 25.88    
Significance F < .01    
Parameter Significance     
Source b SE t p 
Pressure (psi) 0.32 0.07 4.45 < .01 
Time (sec) 2.62 0.46 5.65 < .01 
Note. R2 = .90, N = 9. 
Observations 
• 90% of variance in stiffness is explained by pressure and time. 
• Since significance F is lower than 0.5, regression model is significant. 
• Since p value for pressure and time is lower than  = .05, both variables significantly 
influenced stiffness. 
Summary: Pressure and speed significantly influenced stiffness. As time and pressure 
increased, stiffness increased, as seen in Figure 13. 
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Figure 13. Effect of Pressure and Time on Stiffness of PET in Seam Design III 
Table 32 
Stiffness of PET Ultrasonic Seam and PET Conventional Seam 
 
Material – Seam Design Least Stiffness (g.cm) Least Stiffness (mN.m) 
PET Fabric 0.15 0.015 
PET - Seam Design I 0.80 0.078 
PET - Seam Design II 0.60 0.059 
PET - Seam Design III 1.33 0.130 
PET Conventional seam 0.38 0.037 
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In plunge mode, material is stationary and therefore weld length is dependent on the 
size of the machine. In continuous mode of operation, material moves beneath a stationary 
horn at predetermined speed. 
Table 33 
 Stiffness of PET Ultrasonic Seam using Continuous Mode vs. Plunge Mode of Operation 
 
Mode of Operation Least Stiffness (g.cm) Least Stiffness (mN.m) 
PET Seam Design I - Continuous 0.80 0.078 
PET Seam Design II - Continuous 0.60 0.059 
PET Seam Design III - Plunge 1.33 0.130 
 
Seam design III using plunge mode ultrasonic machine showed higher stiffness than 
seam design I and II. This could be partly explained by the higher width of seam design III. 
Seam design I has significantly higher stiffness than seam design II. 
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PET/Cotton Seam Design I: Stiffness 
Refer to Appendix D for a complete list of observed experimental values for stiffness 
in seam design I. Where stiffness is zero, a seam did not form either due to insufficient 
melting of the polymer or disintegration of the polymer.  
Total number of test values N = 27 conditions x 4 repetitions = 108.  
Table 34 
Regression at 95% Confidence Level for Stiffness of PET/Cotton with Seam Design I 
Model Significance Value    
F 17.78    
Significance F < .01    
Parameter Significance     
Source b SE t p 
Pressure (psi) 0.006 0.001 6.08 < .01 
Amplitude (u) 0.002 0.005 3.28 < .01 
Speed (f/m) -0.003 0.001 -2.37 .03 
Note. R2 = .70, N = 27. 
Observations 
• 70% of variance in stiffness is explained by speed, pressure, and amplitude. 
• Since significance F is lower than .05, regression model is significant. 
• Since p value is less than  = .05, speed, pressure and amplitude significantly 
contribute to stiffness. 
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Summary: Three variables – speed, pressure, and amplitude – significantly influenced 
stiffness. As speed increased, stiffness decreased, showing an inverse relationship; as 
amplitude increased, stiffness increased; and as pressure increased initially, stiffness 
increased sharply and slowed down, as observed in the trend analysis in Figure 14. 
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Figure 14. Effect of Pressure, Amplitude, and Speed on Stiffness of PET/Cotton in Seam 
Design I 
Table 35 
Comparison of Stiffness at 22.5 f/m, 30 f/m, and 37.5 f/m Speed 
Speed (f/m) M Stiffness (mN.m) M Stiffness (g.cm) SD CI 
22.50 0.046 0.47 0.06 0.08 
30.00 0.046 0.47 0.07  
37.50 0.042 0.43 0.08  
Here, q(3, 27) at 95% confidence level = 3.53; n = 27.  
There was no significant difference in stiffness at 22.5 f/m, 30 f/m, and 37.5 f/m speeds.   
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PET/Cotton Seam Design II: Stiffness 
Refer to Appendix E for a complete list of observed experimental values for stiffness 
in seam design II. Where stiffness is given as zero, a seam did not form either due to 
insufficient melting of the polymer or disintegration of the polymer. 
Total number of test values N = 27 conditions x 4 repetitions = 108. 
Table 36 
Regression at 95% Confidence Level for Stiffness of PET/Cotton with Seam Design II 
Model Significance Value    
F 15.53    
Significance F < .01    
Parameter Significance     
Source b SE t p 
Pressure (psi) 0.003 0.001 3.42 < .01 
Amplitude (u) 0.001 0.001 2.38 .03 
Speed (f/m) -0.007 0.001 -5.40 < .01 
Note. R2 = .67, N = 27. 
Observations 
• 67% of variance in stiffness is explained by speed, amplitude, and pressure. 
• Since significance F is lower than .05, regression model is significant. 
• Since p value of speed, amplitude, and pressure is less than  = .05, all three variables 
significantly contribute to stiffness.  
Summary: As speed increased, stiffness decreased, showing an inverse relationship; as 
amplitude increased, stiffness increased; and as pressure increased initially, stiffness 
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increased sharply then decreased and increased again at a slow rate as observed in the trend 
analysis in Figure 15.  
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Figure 15. Effect of Pressure, Amplitude, and Speed on Stiffness of PET/Cotton in Seam 
Design II 
Table 37 
 Comparison of Stiffness at 22.5 f/m, 30 f/m, and 37.5 f/m Speed 
Speed (f/m) M Stiffness (mN.m) M Stiffness (g.cm) SD CI 
22.50 0.056 0.57 0.03 0.06 
30.00 0.053 0.54 0.06  
37.50 0.045 0.46 0.06  
 
Here, q(3, 27) at 95% confidence level = 3.53; n = 27.  
Stiffness at speed 22.5 f/m was not significantly different from speed 30 f/m. It was, 
however, significantly higher than stiffness at speed 37.5 f/m. Stiffness at speed 30 f/m was 
significantly higher than 37.5 f/m speed.  
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PET/Cotton Seam Design III: Stiffness 
Refer to Appendix G for a complete list of observed experimental values for stiffness 
in seam design III. Where stiffness is given as zero, a seam did not form either due to 
insufficient melting of the polymer or disintegration of the polymer.  
Total number of test values N = 9 conditions x 4 repetitions = 36.  
Table 38 
Regression at 95% Confidence Level for Stiffness of PET/Cotton with Seam Design III 
Model Significance Value    
F 9.71    
Significance F .017    
Parameter Significance     
Source b SE t p 
Pressure (psi) 0.01 0.003 3.12 .017 
Note. R2 = .58, N = 9. 
Observations 
• 58% of variance in stiffness is explained by pressure. 
• Since significance F is lower than .05, regression model is significant. 
• Since p value of pressure is less than  = .05, pressure significantly contributes to 
stiffness.  
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Table 39 
Stiffness of PET/Cotton Ultrasonic Seam and PET/Cotton Conventional Seam 
Material – Seam Design Least Stiffness (mN.m) Least Stiffness (g.cm) 
PET/Cotton Fabric 0.015 0.15 
PET/Cotton - Seam Design I 0.033 0.34 
PET/Cotton - Seam Design II 0.033 0.34 
PET/Cotton - Seam Design III 0.063 0.64 
PET Conventional seam 0.030 0.31 
 
Table 40 
Stiffness of PET/Cotton Ultrasonic Seam using Continuous Mode vs. Plunge Mode of 
Operation 
Mode of Operation Least Stiffness (mN.m) Least Stiffness (g.cm) 
PET/Cotton Seam Design I 0.033 0.36 
PET/Cotton Seam Design II 0.033 0.35 
PET/Cotton Seam Design III 0.063 0.64 
 
Seam design III using plunge mode ultrasonic machine showed higher stiffness than 
seam design I and II.  
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Spectra Seam Design II with Adhesive Tape: Stiffness 
Refer to Appendix H for a complete list of observed experimental values for stiffness 
in seam design II.  
Total number of test values N = 8 conditions x 4 repetitions = 32.  
Table 41 
Regression at 95% Confidence Level for Stiffness of Spectra with Seam Design II with 
Adhesive Tape 
Model Significance Value    
F 9.19    
Significance F .028    
Parameter Significance     
Source b SE t p 
Pressure (psi) 0.37 0.11 3.25 .03 
Speed (f/m) -0.55 0.15 -3.64 .02 
Amplitude (u) 0.19 0.09 1.94 .12 
Note. R2 = .87, N = 8. 
Observations 
• 87% of variance in stiffness is explained by speed and pressure. 
• Since significance F is lower than .05, regression model is significant. 
• Since p value is less than  = .05, speed and pressure significantly contribute to 
stiffness.   
• Since p value of amplitude is less than  = .05, amplitude did not significantly 
contribute to stiffness.   
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Spectra Seam Design III: Stiffness 
Refer to Appendix I for a complete list of observed experimental values for stiffness 
in seam design III. Where stiffness is zero, a seam did not form either due to insufficient 
melting of the polymer or disintegration of the polymer. 
Total number of test values N = 9 conditions x 4 repetitions = 36.  
Table 42 
Regression at 95% Confidence Level for Stiffness of Spectra with Seam Design III 
Model Significance Value    
F 25.08    
Significance F < .01    
Parameter Significance     
Source b SE t p 
Time (sec) 13.46 2.69 5.01 < .01 
Note. R2 = .78, N = 9. 
Observations 
• 78% of variance in stiffness is explained by time. 
• Since significance F is lower than .05, regression model is significant. 
• Since p value of time is less than  = .05, time significantly contributes to stiffness.   
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Spectra Seam Design III with Adhesive Tape: Stiffness 
Refer to Appendix J for a complete list of observed experimental values for stiffness 
in seam design III with adhesive tape. Where stiffness is zero, a seam did not form either due 
to insufficient melting of the polymer or disintegration of the polymer.  
Total number of test values N = 9 x 4 repetitions = 32.  
Table 43 
Regression at 95% Confidence Level for Stiffness of Spectra with Seam Design III and 
Adhesive Tape 
Model Significance Value    
F 21.59    
Significance F < .01    
Parameter Significance     
Source b SE t p 
Pressure (psi) -0.29 0.11 -2.58 .04 
Time (sec) 3.42 0.56 6.04 < .01 
Note. R2 = .88, N = 9. 
Observations 
• 88% of variance in stiffness is explained by time and pressure. 
• Since significance F is lower than .05, regression model is significant. 
• Since p value is less than  = .05, time and pressure significantly contribute to 
stiffness.   
Summary: Stiffness increased as weld time increased. Stiffness decreased as pressure 
increased. 
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Table 44 
Stiffness of Spectra Ultrasonic Seam and Conventional Seam 
Material – Seam Design Least Stiffness (mN.m) Least Stiffness (g.cm) 
Spectra Fabric 0.686 7.0 
Spectra AT - Seam Design II 1.275 13.0 
Spectra DS - Seam Design III 1.152 11.75 
Spectra AT - Seam Design III 1.937 19.75 
Spectra Conventional seam 0.87 8.88 
 
Table 45 
Stiffness of Spectra Ultrasonic Seam using Continuous Mode vs. Plunge Mode of Operation 
Mode of Operation Least Stiffness (mN.m) Least Stiffness (g.cm) 
Spectra AT Seam Design II, Continuous 1.275 12.45 
Spectra Seam Design III, Plunge 1.152 27.81 
Spectra AT Seam Design III, Plunge 1.937 23.47 
 
In plunge mode, material is stationary and therefore weld length is dependent on the 
size of the machine. In continuous mode of operation, material is moved beneath a stationary 
horn at different speeds. 
There was no significant difference in stiffness of Seam design III and Seam design 
III with adhesive tape.  
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Stiffness of the Materials Used in the Study 
Table 46 
Observed values for Stiffness of PET, PET/Cotton, and Spectra 
Material – Range of Test M Stiffness (g.cm) M Stiffness (mN.m) 
PET – Range 2 0.15 0.015 
PET/Cotton – Range 2 0.15 0.015 
Spectra – Range 3 7 0.686 
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CHAPTER 5: DISCUSSION 
 In this chapter, experimental results and various relationships between parameters 
developed during the course of this study will be discussed and explained. Each independent 
variable, that is, pressure, amplitude, weld time/speed, weld operation, and seam design, will 
be examined as to how it influences the dependent variables of seam efficiency and stiffness. 
Effect of Dwell Time 
Since the exposure length to the ultrasonic vibration is constant at any given moment, 
speed is taken as dwell time. In continuous weld mode using seam design II, maximum 
joining efficiency was seen in the seam with the longest weld time and lower weld power in 
both PET and PET/Cotton. Frankel and Wang (1980) observed a similar trend in their 
investigation on energy transfer and bond strength in ultrasonic welding of thermoplastics. In 
Table 45, it is evident that weld time had the greatest effect on seam formation. Regression 
statistics also indicate that dwell time had the maximum influence on the formation of seam 
where no seam formation took place at a lower dwell time or higher speed (37.5 f/m). In 
other words, weld time determined the amount of energy generated to sufficiently melt the 
polymer to cause intermolecular diffusion. However, out of nine successful seams in PET 
seam design II at speed 22.5 f/m, eight exhibited excessive melting of polymer as illustrated 
in the example of the seam micrograph in Figure 16. The remaining sample displayed the 
highest strength among the total of 27 bonded samples. The highest strength resulted from 
welding conditions of pressure 40 psi, longest weld time 22.5 f/m, and amplitude of 69.6 m. 
Therefore, it is crucial to identify the combination of parameters at which a successful weld 
is formed. Increase in weld time led to an increase in joining efficiency up to a point and then 
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decreased, which may be attributed to rapid polymer degradation owing to the excessive 
energy applied at the point of joining.  
Table 47  
Number of Successful Seam Formations in PET Seam Design II 
Speed f/m 
Number of samples 
used in seam formation 
Number of samples 
with successful seam 
22.5 9 9 
30 9 6 
37.5 9 3 
 
 
 
 
 
 
 
 
Figure 16. Seam Micrograph of PET Seam Design II at Pressure of 60psi, Amplitude of 
110.2 m, Speed of 22.5 f/m 
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Effect of Pressure  
For an ideal weld, a certain amount of polymer melt is necessary for intermingling of 
polymer chains between the two layers of fabric. While weld time influenced the amount of 
energy generated, pressure affected the amount of polymer melt and flow. Shi and Little 
(2001) also reported that minimum pressure was required to produce a satisfactory weld, and 
the purpose of weld pressure is to provide a contact between horn and materials to transmit 
the vibrations and to bond heated surfaces. This is illustrated in the SEM in Figure 17. 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pressure = 45 psi 
Amplitude = 69.2 m 
Speed = 22.5 f/m 
Seam Strength = 23.6 lbf (105.02 N) 
Stiffness = 0.212 mN.m 
 
   (b) 
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Pressure = 40 psi 
Amplitude = 69.2 m 
Speed = 22.5 f/m 
Seam Strength = 11 lbf (48.95 N) 
Stiffness = 0.078 mN.m 
  (a) 
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Figure 17. Scanning Electron Micrograph of PET Seam Design I interface at (a) 40 psi, (b) 
45 psi, and (c) 60 psi 
As pressure increased, more melting of polymer layers was observed bringing the 
layers together to form a new layer, which is a composite of two separate layers. As weld 
power increased, it was observed that the temperature at the interface also increased from 
161 °C to 202 °C at 22.5 f/m weld speed, resulting in more melting of polymer. Increasing 
the weld power beyond the optimal value has an inverse effect on the bond strength due to 
possible degradation of the polymer. No seam was formed at higher pressure of 60 psi, 
amplitude of 110.2 m, and 22.5 f/m speed, perhaps due to the disintegration of the polymer 
in that location, as seen in Figure 18. 
 
 
 
 
 
 
   (c) 
Pressure = 60 psi 
Amplitude = 69.2 m 
Speed = 22.5 f/m 
Seam Strength = 23.6 lbf (105.02 N) 
Stiffness = 0.309 mN.m 
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Figure 18. Scanning Electron Micrograph of PET Seam Design I interface at 60 psi Pressure, 
110.2 m Amplitude, and 22.5 f/m Speed 
 
Polymer degradation takes place at higher power (pressure and amplitude), causing 
lower bond strength. However, with lower intensity and longer time, the process of melting 
and joining of polymer layers continues for longer time, forming stronger seams between the 
two fabric layers. 
In PET fabric using continuous mode of operation, at a given speed, stiffness 
increased as weld power increased. This is attributed to the higher weld power causing higher 
amount of melting at the interface, which, when recrystallized and solidified, formed a seam 
with higher stiffness. This phenomenon can be observed from the SEM in Figure 17. As 
pressure increased, there was also an increase in viscosity, which can be related to the 
decrease of free volume due to packing (Ibar, 1998), resulting in higher stiffness. Highest 
stiffness of 0.419 mN.m was observed at pressure of 40 psi, amplitude of 110.2 m, and 
speed of 22.5 f/m in seam design I. In plunge mode of operation, PET, PET/Cotton, and 
Spectra showed the least stiffness in the seam with lower weld time and power supporting the 
above explanation as well. 
Pressure = 60 psi 
Amplitude = 110.2 m 
Speed = 22.5 f/m 
No Seam Formation 
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Effect of Seam Design on Seam Efficiency 
In both PET and PET/Cotton fabrics using continuous mode of operation, the effect 
of seam design on seam efficiency is not statistically significant. As depicted in Figure 19, 
the contact between the fabric layers at the seam is apparently higher for seam design I; 
however, the difference in seam design did not significantly affect the seam strength. It was 
observed during seam strength testing that the fabric broke right at the joint point due to 
stress concentration, and the fabric space between the bond points remained unchanged. The 
difference between the two seams’ strength was so small that statistical differences were not 
detected. 
 
 
 
 
 
Figure 19. Location of Fabric Tear during Seam Strength Test in Seam Design I and II 
Effect of Seam Design on Stiffness 
Seam design did influence stiffness in PET woven fabric. Seam design I was found to 
have higher stiffness than seam design II, as expected. The reason is that seam design I is 
continuous while seam design II is discontinuous, which retains the portion of lower stiffness 
of unaffected woven fabric. Seam design did not influence stiffness in PET/Cotton fabric. 
Perhaps the higher stiffness of cotton made it difficult to detect the increase in synthetic PET 
stiffness. 
Fabric Tear  
Seam Design I Seam Design II 
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Continuous Mode vs. Plunge Mode of Operation 
Seam efficiency from continuous mode of operation and plunge mode of operation 
was comparable. Stiffness from continuous mode of operation was found to be lower than 
plunge mode of operation. In plunge mode, the melting and bonding of fabric was more 
continuous in nature, which probably caused higher stiffness values. Furthermore, down 
speed and dimensions of the horn were also higher in the plunge mode; see Figure 20.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 20. Comparison of Horns in Plunge and Continuous Mode of Operation 
In plunge mode of operation, strongest weld seam was seen in the middle position of 
the three variables – pressure, weld time, and amplitude – in both PET and Spectra fabrics. 
This combination of parameters may have provided near optimal values in this study so that 
Plunge Mode 
Horn Size: 5 ¼” x ¾”x 4” 
Continuous Mode 
Horn Size: 1” x 6”  
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higher strength was achieved. Perhaps at lower parameters, sufficient energy was not 
generated for bonding, while at very high values of the experimental variables, excessive 
energy may have caused degradation of material itself. 
Comparison of Different Materials 
Higher joining efficiency was observed in PET in comparison to PET/Cotton due to 
higher thermoplastic content; see Table 46. Higher stiffness was also observed in PET than in 
PET/Cotton, which may be attributed to higher fabric weight where PET was 7.9 oz/yd2 
compared to 3 oz/yd2 of PET/Cotton.  
Percentage increase in stiffness is calculated by the following formula. 
% Increase in stiffness = 100×−
x
yx
 where                   (5) 
 x = fabric stiffness 
y = seam stiffness 
Table 48 
 Seam Efficiency and Increase in Stiffness of PET, PET/Cotton, and Spectra 
 
Material - Type of Seam 
Maximum Seam 
Efficiency observed % 
Percentage Increase in 
Stiffness Observed % 
PET – Ultrasonic seam 23.21 300 
PET/Cotton - Ultrasonic seam 19.4 133 
Spectra - Ultrasonic seam 4.09 68 
PET – Conventional seam 28.63 153 
PET/Cotton - Conventional seam 22.94 107 
Spectra - Conventional seam 7.83 27 
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A very low joining efficiency was observed in Spectra even though Spectra is a 100% 
thermoplastic material and has low melting temperature of 146 °C. DSC of untreated Spectra 
showed double melting peak near 144 °C, as seen in thermogram of Spectra in Figure 21. 
 Other researchers (Yan, R. J., Hine, P. J., Ward, I. M., Olley, R. H., Bassett, D. C., 
1997) have made similar observations where higher melting peak of gel spun and ultradrawn 
polyethylene can be attributed to the formation of hexagonal crystalline phase during 
melting. Of particular significance in the DSC thermogram is the narrow range of 
temperature where significant fiber melt occurred. 
 
Figure 21. DSC Thermogram of Untreated Spectra 
The temperature rise during ultrasonic seaming was beyond the melting point of the 
polymer in the order of 150° C. When Spectra melts at higher temperature (above 150 °C) 
under pressure, it perhaps recrystallizes from the continuous fiber crystals into a new form of 
lamellar crystals during the process of sonic seaming that also results in decrease in total 
crystallinity. At that level of sonic energy and pressure, the fiber morphology changed 
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throughout the fiber instead of just the surface. This difference in crystal structure at the joint 
is perhaps reflected in some widening of the melt peak observed in DSC of ultrasonically 
treated Spectra in Figure 22.  
 
Figure 22. DSC Thermogram of Spectra Treated with Ultrasonic Energy 
This phenomenon is predominant in gel spun fiber compared with melt spun PE. The 
melting range of the gel spun fiber is so narrow, particularly under pressure and ultrasonic 
energy, that it was difficult to form a seam within the temperature window. Lower ultrasonic 
energy caused insufficient melting and mingling of polymer chains at the interface of two 
fabric layers, resulting in low seam efficiency; while, increasing the energy applied caused 
degradation of the polymer as seen in Figure 23. Although a seam formed at this temperature, 
the polymer may have encountered some degradation as reflected in lower seam strength. 
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Figure 23. Scanning Electron Micrograph of Spectra in Seam Design III interface at 40 psi 
Pressure, 59.5 m Amplitude, and 3 second Weld Time 
The mechanism of the fiber bonding between the layers of the fabric of gel spun PE 
has been found (Yan et al., 1997) to be not by selective surface melting and melt bonding. 
Instead, spot welding occurs at numerous narrow junctions along the interlocked irregular 
polygonal shape of the fiber, which does not develop high layer-to-layer adhesion.  
There appears to be a greater temperature range between melt on-set to melt max for 
PET than Spectra as observed in the DSC thermograms of these two polymers in Figure 22 
and 24. This phenomenon may have allowed higher polymer chain mingling between the two 
layers of PET fabric than that of Spectra. 
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Pressure = 40 psi 
Amplitude = 59.5 m 
Weld Time = 3 Sec 
Seam Strength = 7.5 lbf (33.37 N) 
Stiffness = 4.12 mN.m 
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Figure 24. DSC Thermogram of PET Treated with Ultrasonic Energy 
The stiffness of PET ultrasonic seam was observed to be higher than PET fabric. The 
same effect was also observed in Spectra fabric 
Effect of Adhesive Tape 
 In plunge mode of operation, Spectra with adhesive tape showed higher joining 
efficiency than without (3.2% vs. 2.33%). The low glue line temperature (94 °C) of the 
polyolefin adhesive tape provides additional adhesion to the two layers, which probably 
allowed excessive melting of Spectra unnecessary to join the two layers. However, there was 
no difference in stiffness between these two samples owing to the low film thickness of .003” 
and high flexibility of the adhesive tape. 
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Figure 25. Scanning Electron Micrograph of Spectra with Adhesive tape in Seam Design III 
at 30 psi Pressure, 59.5 m Amplitude, and 1 second Weld Time 
There was no significant difference in joining efficiency of PET/Cotton seam 2 and 
PET/Cotton seam 2 with adhesive tape.  
Ultrasonic Seam vs. Sewn Seam 
 Seam efficiency in ultrasonic seam was marginally lower than in sewn seam, whereas 
stiffness was considerably higher in ultrasonic seam than a sewn seam as observed in Table 
46. This can be attributed to the melting and reformation of polymer as continuous film 
rather than yarn. 
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Pressure = 30 psi 
Amplitude = 59.5 m 
Weld Time = 1 Sec 
Seam Strength = 11.56 lbf (51.44 N) 
Stiffness = 2.08 mN.m  
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CHAPTER 6: CONCLUSIONS, LIMITATIONS, RECOMMENDATIONS, AND 
SUGGESTIONS FOR FUTURE WORK 
Introduction 
Most textile products are made up of components that are joined using various 
methods such as sewing, thermal bonding, adhesive bonding, laser enhanced bonding, and 
ultrasonic seaming. Sewing is currently the most preferred method of joining fabrics despite 
disadvantages such as limited speed, cost, perforated seams, and thread deterioration due to 
limited research in the industry. 
While joining methods such as thermal bonding, adhesive bonding, and laser 
enhanced bonding enable waterproof seams, typical disadvantages associated with these 
methods are cost, fiber degradation, seam stiffness, and increase in weight. Ultrasonic 
seaming offers many advantages as an alternative for joining fabrics. First, this technique 
requires no needles, solvents, adhesives, mechanical fasteners, or other consumables, 
therefore reducing cost. Second, ultrasonic bonding has additional advantages such as 
conservation of energy, possibility of precise automated assembly using computer-aided-
manufacturing technology, and recyclability of the product since foreign yarn is not used to 
make a seam. Ultrasonic technology is more prevalent in the plastics industry, than in the 
textile industry, perhaps due to the focus of past research on bulky polymers.  
This study investigated the effect of machine variables (weld time, weld amplitude, 
and weld pressure), seam design, mode of operation, and material characteristics on the seam 
strength and seam stiffness of PET, PET/Cotton, and Spectra fabrics to understand the 
individual and interactive effect of these variables. 
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This chapter is divided in to four sections. The first section presents conclusions and 
an executive summary of the observations made in the study. Limitations of the study are 
provided in the second section. Finally, recommendations and suggestions for future work 
are presented in the last two sections. 
Conclusions 
Weld Time 
Based on this investigation, weld time or speed has the greatest effect on seam 
formation and seam strength in continuous mode of operation. In other words, weld time 
determines the amount of energy generated to sufficiently melt the polymer and cause 
intermolecular diffusion. Increase in weld time leads to an increase in seam efficiency up to a 
point and then decreases, which may be attributed to rapid polymer degradation owing to the 
excessive energy applied at the point of joining. Longer weld time prolongs the process of 
melting and joining of polymer layers, forming a stronger seam between two fabric layers. 
Lower stiffness is achieved with longer weld time provided lower power is used.  
Pressure 
 While weld time influences the amount of energy generated, pressure affects the 
amount of polymer melt and flow. As pressure increases, more melting of polymer layers 
occurs, bringing the layers together to form a new layer, which is a composite of two separate 
layers. Increasing the weld pressure beyond the optimal value has an inverse effect on the 
bond strength due to possible degradation of the polymer. Stiffness increases with increase in 
pressure due to higher polymer melt, which, when recrystallized, forms a continuous film 
rather than yarn. 
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Amplitude 
 From the statistical analysis of the data, it was found that amplitude significantly 
influenced seam properties only in conjunction with other variables showing interaction 
effect on the ultrasonic seam. However, as an independent variable, the effect of amplitude 
was not found statistically significant.  
Seam Design 
 Two seams, one continuous and one non-continuous, were used in this study. Results 
indicate that seam design does not significantly affect seam strength. However, seam design 
does influence stiffness. Continuous seam showed higher stiffness than a non-continuous 
seam design in a 100% thermoplastic polymer.  
Mode of Operation 
 This study used two operation modes of ultrasonic machines: plunge mode and 
continuous mode of operation. The results indicate that seam efficiency from both modes of 
operation is comparable. The results also indicate that the degree of stiffness from continuous 
mode of operation is lower than plunge mode of operation. 
Material Characteristics 
Thermal properties of a polymer in addition to the thermoplastic content of a polymer 
significantly influence seam formation. A wide range of melt on-set and melt-max is 
necessary for an efficient ultrasonic bond.  
Sewn Seam vs. Ultrasonic seam 
 A conventional sewn seam using lockstitch was constructed in each of the three 
fabrics – PET, PET/Cotton, and Spectra, and their seam strength tested. Results indicate that 
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seam efficiency of a conventional seam and an ultrasonic seam is comparable. However, 
stiffness of an ultrasonic seam is higher than that of a conventional seam. 
Summary 
1. In continuous weld mode, maximum seam efficiency was seen in the seam with the 
longest weld time and lowest weld power in both PET and PET/Cotton. The least 
stiffness was also seen on seams with longer weld time and lower weld power in 
these fabrics. 
2. In continuous mode of operation, seam design did not influence seam efficiency in 
both PET and PET/Cotton. However, seam design did influence stiffness in both PET 
and PET/Cotton. In PET, seam design I was found to have higher stiffness than seam 
design II.  
3. In plunge mode of operation, strongest weld seam was seen in the middle position of 
the three variables pressure, weld time, and amplitude in both PET and Spectra 
fabrics. 
4. In plunge mode of operation, PET, PET/Cotton, and Spectra showed the least 
stiffness in the seam with lower weld time and power. Spectra with adhesive tape 
showed least stiffness in the seam with higher weld power and lower weld time. 
5. Increase in weld time led to increase in seam efficiency up to a point and then 
decreased. 
6. In PET, Spectra, and Spectra with adhesive tape in seam design III, it was observed 
that at lower weld time, seam efficiency increased as pressure increased. At higher 
weld time, seam efficiency decreased as pressure increased. 
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7. In continuous weld mode, increase in pressure led to an increase in temperature at the 
interface in all three materials. This was not observed in plunge mode of operation.  
8. Seam efficiency of ultrasonic seam was lower than that of conventional seam. 
Stiffness of ultrasonic seam was higher than of conventional seam. 
9. Seam efficiency from continuous mode of operation and plunge mode of operation 
was comparable. Stiffness from continuous mode of operation was found to be lower 
than plunge mode of operation. 
10. Seam efficiency of Spectra with adhesive tape was found to be higher than Spectra. 
However, there was no difference in stiffness between these two samples. 
11. There was no significant difference in seam efficiency of PET/Cotton seam design II 
and PET/Cotton seam II with adhesive tape. 
Limitations of the Study 
1. The thermal properties of materials highly influence seam strength and seam stiffness, 
as was observed in the study. Therefore, this study is limited to the chosen fabrics – 
Spectra, PET, 65/35 polyester-cotton blend. 
2. The study focused mainly on woven fabrics. Results of ultrasonic bonding of knit and 
nonwoven fabrics may be different. 
3. Comparison of sewn seam strength and ultrasonically bonded seam is limited to the 
thread and stitches per inch in sewn seam, seam design, and width in ultrasonic seam 
used in the study. 
4. Conclusions on the effect of seam design are limited to the seam designs used in this 
study. 
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Recommendations 
The following are recommendations based on the observations made in the study. 
1. A compromise may be necessary between seam strength and seam stiffness. 
2. Thermal properties of a polymer can be studied further to evaluate the probability of 
successful ultrasonic seaming. 
3. Continuous mode of operation is preferable for low stiffness, continuous seam, and 
high speed. 
4. For higher output in continuous mode of operation, a compromise may be necessary 
in seam strength. 
5. An adhesive tape can be used to increase seam strength without affecting stiffness. 
Suggestions for Future Work 
1. Fabric of similar weight and construction should be studied.  
2. A comparison of materials with wide range of thermal properties could be studied to 
better understand the effect of thermal properties on the efficiency of an ultrasonic 
seam. 
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Appendix A: Observed Seam Strength and Stiffness Experimental Values for PET  
Seam Design I 
S a m p l e  1 Sample 3 
 
No Seam  
Formation 
Sample 5 
 
No Seam  
Formation 
Sample 7 
P: 40 psi  SS: 11 lbf P : 40 psi  S S :  0  P : 40 psi  S S :  0   P: 40 psi  SS: 23.6 lbf 
A: 69.6 m ST: 0.8 g.cm A: 69.6 m ST :  0  A: 69.6 m ST :  0  A: 92.8 m ST: 3.7 g.cm 
S: 22.5 f/m  S: 30 f/m  S: 37.5 f/m  S: 22.5 f/m  
Sample 9 
 
No Seam  
Formation 
Sample 11 
 
No Seam  
Formation 
Sample 13 Sample 15 
 
 
P: 40 psi  SS: 0 P: 40 psi  SS: 0 P: 40 psi  SS: 20.7 lbf P: 40 psi  SS: 9.8 lbf 
A: 92.8 m ST: 0 A: 92.8 m ST: 0 A: 110.2 m ST: 4.3 g.cm A: 110.2 m ST: 0.9 g.cm 
S: 30 f/m  S: 37.5 f/m  S: 22.5 f/m  S: 30 f/m  
Sample 17 
 
No Seam  
Formation 
Sample 19 Sample 21 
 
No Seam  
Formation 
Sample 23 
 
No Seam  
Formation 
P: 40 psi SS: 0 P: 45 psi  SS: 23.6 lbf P: 45 psi  SS: 0 P: 45 psi  SS: 0 
A: 110.2 m ST: 0 A: 69.6 m ST: 2.2 g.cm A: 69.6 m ST: 0 A: 69.6 m ST: 0 
S: 37.5 f/m 
 
S: 22.5 f/m  S: 30 f/m  S: 37.5 f/m  
Sample 25 
 
 
 
Sample 27 Sample 29 
 
No Seam  
Formation 
Sample 31 
 
Seam Degradation 
P: 45 psi  SS: 18.9 lbf P: 45 psi  SS: 11.2 lbf P: 45 psi  SS: 0 P: 45 psi  SS: 0 
A: 92.8 m ST: 3.2 g.cm A: 92.8 m ST: 2.1 g.cm A: 92.8 m ST: 0 A: 110.2 m ST: 0 
S: 22.5 f/m  S: 30 f/m  S: 37.5 f/m  S: 22.5 f/m  
Sample 33 
 
 
 
Sample 35 
 
No Seam  
Formation 
Sample 37 Sample 39 
 
No Seam  
Formation 
P: 45 psi  SS: 14.5 lbf P: 45 psi SS: 0 P: 60 psi  SS: 23.6 lbf P: 60 psi  SS: 0 
A: 110.2 m ST: 4.0 g.cm A: 110.2 m ST: 0 A: 69.6 m ST: 3.2 g.cm A: 69.6 m ST: 0 
S: 30 f/m  S: 37.5 f/m 
 
S: 22.5 f/m  S: 30 f/m  
Sample 41 
 
No Seam  
Formation 
Sample 43 Sample 45 Sample 47 
 
No Seam  
Formation 
P: 60 psi  SS: 0 P: 60 psi  SS: 21.7 lbf P: 60 psi  SS: 14.8 lbf P: 60 psi  SS: 0 
A: 69.6 m ST: 0 A: 92.8 m ST: 2.8 g.cm A: 92.8 m ST: 3.7 g.cm A: 92.8 m ST: 0 
S: 37.5 f/m  S: 22.5 f/m  S: 30 f/m  S: 37.5 f/m  
Sample 49 
 
Seam Degradation 
 
Sample 51 Sample 53 
P: 60 psi  SS: 0 P: 60 psi SS: 16.6 lbf P: 60 psi SS: 5.1 lbf 
A: 110.2 m ST: 0 A: 110.2 m ST: 3.6 g.cm A: 110.2 m ST: 1.9 g.cm 
S: 22.5 f/m  S: 30 f/m  S: 37.5 f/m 
 
 
 P = Pressure, A = Amplitude, S = Speed, SS = Seam Strength, ST = Stiffness 
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Appendix B: Observed Seam Strength and Stiffness Experimental Values for PET  
Seam Design II 
S a m p l e  2 
 
Sample 4 
 
No Seam  
Formation 
Sample 6 
 
No Seam  
Formation 
Sample 8 
P: 40 psi  SS: 18.7 lbf P : 40 psi  S S :  0  P : 40 psi  S S :  0   P: 40 psi  SS: 14.1 lbf 
A: 69.6 m ST: 0.6 g.cm A: 69.6 m ST :  0  A: 69.6 m ST :  0  A: 92.8 m ST: 0.7 g.cm 
S: 22.5 f/m  S: 30 f/m  S: 37.5 f/m  S: 22.5 f/m  
Sample 10 
 
No Seam  
Formation 
Sample 12 
 
No Seam  
Formation 
Sample 14 Sample 16 
 
 
P: 40 psi  SS: 0 P: 40 psi  SS: 0 P: 40 psi  SS: 15.4 lbf P: 40 psi  SS: 13.3 lbf 
A: 92.8 m ST: 0 A: 92.8 m ST: 0 A: 110.2 m ST: 0.8 g.cm A: 110.2 m ST: 0.6 g.cm 
S: 30 f/m  S: 37.5 f/m  S: 22.5 f/m  S: 30 f/m  
Sample 18 
 
No Seam  
Formation 
Sample 20 Sample 22 
 
No Seam  
Formation 
Sample 24 
 
No Seam  
Formation 
P: 40 psi SS: 0 P: 45 psi  SS: 16.9 lbf P: 45 psi  SS: 0 P: 45 psi  SS: 0 
A: 110.2 m ST: 0 A: 69.6 m ST: 0.9 g.cm A: 69.6 m ST: 0 A: 69.6 m ST: 0 
S: 37.5 f/m 
 
S: 22.5 f/m  S: 30 f/m  S: 37.5 f/m  
Sample 26 
 
 
 
Sample 28 Sample 30 
 
No Seam  
Formation 
Sample 32 
 
  
P: 45 psi  SS: 15.6 lbf P: 45 psi  SS: 14.4 lbf P: 45 psi  SS: 0 P: 45 psi  SS: 17.2 lbf 
A: 92.8 m ST: 0.9 g.cm A: 92.8 m ST: 2.1 g.cm A: 92.8 m ST: 0 A: 110.2 m ST: 1.7 g.cm 
S: 22.5 f/m  S: 30 f/m  S: 37.5 f/m  S: 22.5 f/m  
Sample 34 
 
 
 
Sample 36 
 
 No Seam  
Formation 
Sample 38 Sample 40 
 
  
P: 45 psi  SS: 13.6 lbf P: 45 psi SS: 0 P: 60 psi  SS: 16.0 lbf P: 60 psi  SS: 4.2 lbf 
A: 110.2 m ST: 0.8 g.cm A: 110.2 m ST: 0 A: 69.6 m ST: 1.0 g.cm A: 69.6 m ST: 0.5 g.cm 
S: 30 f/m  S: 37.5 f/m 
 
S: 22.5 f/m  S: 30 f/m  
Sample 42 
 
No Seam  
Formation 
Sample 44 Sample 46 Sample 48 
 
 No Seam  
Formation 
P: 60 psi  SS: 0 P: 60 psi  SS: 15.8 lbf P: 60 psi  SS: 14.3 lbf P: 60 psi  SS: 0 
A: 69.6 m ST: 0 A: 92.8 m ST: 1.4 g.cm A: 92.8 m ST: 0.8 g.cm A: 92.8 m ST: 0 
S: 37.5 f/m  S: 22.5 f/m  S: 30 f/m  S: 37.5 f/m  
Sample 50 
 
  
 
Sample 52 Sample 54 
P: 60 psi  SS: 16.6 lbf P: 60 psi SS: 14.0 lbf P: 60 psi SS: 11.5 lbf 
A: 110.2 m ST: 2.3 g.cm A: 110.2 m ST: 0.8 g.cm A: 110.2 m ST: 0.6 g.cm 
S: 22.5 f/m  S: 30 f/m  S: 37.5 f/m 
 
 
 P = Pressure, A = Amplitude, S = Speed, SS = Seam Strength, ST = Stiffness 
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Appendix C: Observed Seam Strength and Stiffness Experimental Values for PET  
Seam Design III 
 
S a m p l e  5 5 
 
 
 
 
 
Sample 56 
 
  
Sample 57 
 
  
Sample 58 
P: 30 psi  SS: 18.6 lbf P: 30 psi  SS: 22.6 lbf P: 30 psi  SS: 23.3 lb f   P: 35 psi  SS: 25.3 lbf 
A: 59.5 m ST: 1.3 g.cm A: 59.5 m ST: 1.9 g.cm A: 59.5 m ST: 3.1 g.cm A: 59.5 m ST: 2.3 g.cm 
T: 1.5 s  T: 2 s  T: 3 s  T: 1.5 s  
Sample 59 
 
  
 
 
Sample 60 
 
 
 
 
  
Sample 61 Sample 62 
 
 
P: 35 psi  SS: 26.1 lbf P: 35 psi  SS: 12.8 lbf P: 40 psi  SS: 23.7 lbf 
lbf 
P: 40 psi  SS: 20.9 lbf 
A: 59.5 m ST: 3.0 g.cm A: 59.5 m ST: 6.9 g.cm A: 59.5 m ST: 3.1 g.cm A: 59.5 m ST: 4.3 g.cm 
T: 2 s  T: 3 s  T: 1.5 s  T: 2 s  
Sample 63 
 
 
 
 
  
 
P: 40 psi  SS: 16.7 lbf 
A: 59.5 m ST: 8.3 g.cm 
T: 3 s 
 
  
  
  
 
  
  
  
  
 
  
P = Pressure, A = Amplitude, T = Time, SS = Seam Strength, ST = Stiffness 
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Appendix D: Observed Seam Strength and Stiffness Experimental Values for PET/Cotton 
Seam Design I 
S a m p l e  1 0 1 Sample 103 
  
Sample 105 
 
No Seam  
Formation  
Sample 107 
P: 40 psi  SS: 8.6 lbf P : 40 psi  SS: 3.9 lbf P : 40 psi  S S :  0   P: 40 psi  SS: 8.5 lbf 
A: 69.6 m ST: 0.38 g.cm A: 69.6 m ST: 0.36 g.cm A: 69.6 m ST :  0  A: 92.8 m ST: 0.43 g.cm 
S: 22.5 f/m  S: 30 f/m  S: 37.5 f/m  S: 22.5 f/m  
Sample 109 
 
  
Sample 111 
 
  
Sample 113 Sample 115 
 
 
P: 40 psi  SS: 6.9 lbf P: 40 psi  SS: 2.6 lbf P: 40 psi  SS: 8.4 lbf P: 40 psi  SS: 8.3 lbf 
A: 92.8 m ST: 0.39 g.cm A: 92.8 m ST: 0.35 g.cm 
g.cm 
A: 110.2 m ST: 0.45 g.cm A: 110.2 m ST: 0.43g.cm 
S: 30 f/m  S: 37.5 f/m  S: 22.5 f/m  S: 30 f/m  
Sample 117 
 
  
Sample 119 Sample 121 
 
  
Sample 123 
 
  
P: 40 psi SS: 4.8 lbf P: 45 psi  SS: 7.8 lbf P: 45 psi  SS: 7.5 lbf P: 45 psi  SS: 3.6 lbf 
A: 110.2 m ST: 0.39g.cm A: 69.6 m ST: 0.5 g.cm A: 69.6 m ST: 0.41g.cm A: 69.6 m ST: 0.43g.cm 
S: 37.5 f/m 
 
S: 22.5 f/m  S: 30 f/m  S: 37.5 f/m  
Sample 125 
 
 
 
Sample 127 Sample 129 
 
  
Sample 131 
 
  
P: 45 psi  SS: 7.9 lbf P: 45 psi  SS: 7.7 lbf P: 45 psi  SS: 6.1 lbf P: 45 psi  SS: 7.9 lbf 
A: 92.8 m ST: 0.46g.cm A: 92.8 m ST: 0.5 g.cm A: 92.8 m ST: 0.45g.cm A: 110.2 m ST:0.5 g.cm 
S: 22.5 f/m  S: 30 f/m  S: 37.5 f/m  S: 22.5 f/m  
Sample 133 
 
 
 
Sample 135 
  
Sample 137 Sample 139 
 
  
P: 45 psi  SS: 7.7 lbf P: 45 psi SS: 6.4 lbf P: 60 psi  SS: 7.7 lbf P: 60 psi  SS: 7.4 lbf 
A: 110.2 m ST: 0.51g.cm A: 110.2 m ST: 0.48g.cm A: 69.6 m ST: 0.49g.cm A: 69.6 m ST: 0.53g.cm 
S: 30 f/m  S: 37.5 f/m 
 
S: 22.5 f/m  S: 30 f/m  
Sample 141 
 
  
Sample 143 Sample 145 Sample 147 
 
  
P: 60 psi  SS: 6.4 lbf P: 60 psi  SS: 8.2 lbf P: 60 psi  SS: 7.1 lbf P: 60 psi  SS: 6.3 lbf 
A: 69.6 m ST: 0.46g.cm A: 92.8 m ST: 0.46g.cm A: 92.8 m ST: 0.55 g.cm A: 92.8 m ST: 0.48g.c.m 
S: 37.5 f/m  S: 22.5 f/m  S: 30 f/m  S: 37.5 f/m  
Sample 149 
 
  
 
Sample 151 Sample 153 
P: 60 psi  SS: 8.1 lbf P: 60 psi SS: 6.9 lbf P: 60 psi SS: 6.4 lbf 
A: 110.2 m ST: 0.58g.cm A: 110.2 m ST: 0.53g.cm A: 110.2 m ST: 0.54g.cm 
S: 22.5 f/m  S: 30 f/m  S: 37.5 f/m 
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Appendix E: Observed Seam Strength and Stiffness Experimental Values for PET/Cotton 
Seam Design II 
S a m p l e  1 0 2 Sample 104 
  
Sample 106 
 
  
Sample 108 
P: 40 psi  SS: 8.3 lbf P : 40 psi  SS: 4.0 lbf P : 40 psi  SS: 1.3 lbf P: 40 psi  SS: 10.8 lbf 
A: 69.6 m ST: 0.54 g.cm A: 69.6 m ST: 0.44 g.cm A: 69.6 m ST: 0.35 g.cm A: 92.8 m ST: 0.58 g.cm 
S: 22.5 f/m  S: 30 f/m  S: 37.5 f/m  S: 22.5 f/m  
Sample 110 
 
  
Sample 112 
 
  
Sample 114 Sample 116 
 
 
P: 40 psi  SS: 6.9 lbf P: 40 psi  SS: 3.9 lbf P: 40 psi  SS: 10.2 lbf P: 40 psi  SS: 8.6 lbf 
A: 92.8 m ST: 0.49g.cm A: 92.8 m ST: 0.38g.cm A: 110.2 m ST:0.54g.cm A: 110.2 m ST: 0.5 g.cm 
S: 30 f/m  S: 37.5 f/m  S: 22.5 f/m  S: 30 f/m  
Sample 118 
 
  
Sample 120 Sample 122 
 
  
Sample 124 
 
  
P: 40 psi SS: 6.1 lbf P: 45 psi  SS: 8.9 lbf P: 45 psi  SS: 6.5 lbf P: 45 psi  SS: 2.9 lbf 
A: 110.2 m ST: 0.44g.cm A: 69.6 m ST: 0.56g.cm A: 69.6 m ST: 0.58g.cm A: 69.6 m ST: 0.45g.cm 
S: 37.5 f/m 
 
S: 22.5 f/m  S: 30 f/m  S: 37.5 f/m  
Sample 126 
 
 
 
Sample 128 Sample 130 
 
  
Sample 132 
 
  
P: 45 psi  SS: 8.6 lbf P: 45 psi  SS: 9.2 lbf P: 45 psi  SS: 7.3 lbf P: 45 psi  SS: 9.3 lbf 
A: 92.8 m ST: 0.59g.cm A: 92.8 m ST: 0.55g.cm A: 92.8 m ST: 0.48g.cm A: 110.2 m ST: 0.61g.cm 
S: 22.5 f/m  S: 30 f/m  S: 37.5 f/m  S: 22.5 f/m  
Sample 134 
 
 
 
Sample 136 
  
Sample 138 Sample 140 
 
  
P: 45 psi  SS: 9.8 lbf P: 45 psi SS: 9.7 lbf P: 60 psi  SS: 10.1 lbf P: 60 psi  SS: 9.8 lbf 
A: 110.2 m ST: 0.61g.cm A: 110.2 m ST: 0.53g.cm A: 69.6 m ST: 0.56g.cm A: 69.6 m ST: 0.54g.cm 
S: 30 f/m  S: 37.5 f/m 
 
S: 22.5 f/m  S: 30 f/m  
Sample 142 
 
  
Sample 144 Sample 146 Sample 148 
 
  
P: 60 psi  SS: 4.9 lbf P: 60 psi  SS: 9.8 lbf P: 60 psi  SS: 9.3 lbf P: 60 psi  SS: 9.3 lbf 
A: 69.6 m ST: 0.5 g.cm A: 92.8 m ST: 0.54g.cm A: 92.8 m ST: 0.61 g.cm A: 92.8 m ST: 0.53g.cm 
S: 37.5 f/m  S: 22.5 f/m  S: 30 f/m  S: 37.5 f/m  
Sample 150 
 
  
 
Sample 152 Sample 154 
P: 60 psi  SS: 8.7 lbf P: 60 psi SS: 8.9 lbf P: 60 psi SS: 8.3 lbf 
A: 110.2 m ST: 0.63g.cm A: 110.2 m ST: 0.59g.cm A: 110.2 m ST: 0.51g.cm 
S: 22.5 f/m  S: 30 f/m  S: 37.5 f/m 
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Appendix F: Observed Seam Strength and Stiffness Experimental Values for PET/Cotton 
Seam Design II with Adhesive Tape 
 
S a m p l e  1 5 5 
 
 
 
 
Sample 156 
  
Sample 157 
 
  
Sample 158 
P: 45 psi  SS: 8.6 lbf P : 45 psi  SS: 7.3 lbf P: 45 psi SS: 5.3 lbf P: 45 psi SS: 10.5 lbf 
A: 69.6 m ST: 0.71 g.cm A: 69.6 m ST: 0.74g.cm A: 69.6 m ST: 0.69 g.cm A: 110.2 m ST: 1.34g.cm 
S: 22.5 f/m  S: 30 f/m  S: 37.5 f/m  S: 22.5 f/m  
Sample 159 
 
  
 
 
Sample 160 
 
  
P: 45 psi SS: 9.1 lbf P: 45 psi SS: 6.4 lbf 
A: 110.2 m ST: 0.95g.cm A: 110.2 m ST: 0.79g.cm 
S: 30 f/m  S: 37.5 f/m  
  
  
 
  
P = Pressure, A = Amplitude, S = Speed, SS = Seam Strength, ST = Stiffness 
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Appendix G: Observed Seam Strength and Stiffness Experimental Values for PET/Cotton 
Seam Design III 
 
S a m p l e  1 6 1 
 
 
 
 
 
Sample 162 
 
  
Sample 163 
 
  
Sample 164 
P: 30 psi  SS:2.5 lbf P: 30 psi  SS: 3.0 lbf P: 30 psi  SS: 4.4 lb f   P: 35 psi  SS: 4.6 lbf 
A: 59.5 
m 
ST: 0.68 g.cm A: 59.5 
m 
ST: 0.64 g.cm A: 59.5 
m 
ST: 0.64 g.cm A: 59.5 
m 
ST: 0.8 g.cm 
T: 1.5 s  T: 2 s  T: 3 s  T: 1.5 s  
Sample 165 
 
  
 
 
Sample 166 
 
 
 
 
  
Sample 167 Sample 168 
 
 
P: 35 psi  SS: 5.5 lbf P: 35 psi  SS: 6.1 lbf P: 40 psi  SS: 5.1 lbf P: 40 psi  SS: 5.9 lbf 
A: 59.5 m ST: 0.68 g.cm A: 59.5 
m 
ST: 0.70 g.cm A: 59.5 
m 
ST: 0.75 g.cm A: 59.5 m ST: 0.74 g.cm 
T: 2 s  T: 3 s  T: 1.5 s  T: 2 s  
Sample 169 
 
 
 
 
  
 
P: 40 psi  SS: 6.5 lbf 
A: 59.5 m ST: 0.78 g.cm 
T: 3 s 
 
  
  
  
 
  
  
  
  
 
  
P = Pressure, A = Amplitude, T = Time, SS = Seam Strength, ST = Stiffness 
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Appendix H: Observed Seam Strength and Stiffness Experimental Values for Spectra Seam 
Design II with Adhesive Tape 
 
S a m p l e  2 0 1 
 
 
 
 
 
 
Sample 202 
 
  
 
 
Sample 203 
 
  
Sample 204 
P: 40 psi  SS: 15.9 lbf P: 40 psi SS: 3.9 lbf P: 40 psi SS: 17.4 lb f   P: 40 psi SS: 6.6 lbf 
A: 46.4 m ST: 15.1 g.cm A: 46.4 m ST: 13.1 g.cm A: 58.0 m ST: 18.3 g.cm A: 58.0 m ST: 16.0 g.cm 
S: 15 f/m  S: 22.5 f/m  S: 15 f/m  S: 22.5 f/m  
Sample 205 
 
  
 
 
Sample 206 
 
 
 
 
  
Sample 207 Sample 208 
 
 
P: 50 psi  SS: 18.4 lbf P: 50 psi SS: 11.2 lbf P: 50 psi SS: 13.8 lbf 
lbf 
P: 50 psi SS: 12.3 lbf 
A: 46.4 m ST: 22.3 g.cm A: 46.4 m ST: 15.0 g.cm A: 58.0 m ST: 22.5 g.cm A: 58.0 m ST: 17.5 g.cm 
T S: 15 f/m  S: 22.5 f/m  S: 15 f/m  S: 22.5 f/m  
P = Pressure, A = Amplitude, S = Speed, SS = Seam Strength, ST = Stiffness 
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Appendix I: Observed Seam Strength and Stiffness Experimental Values for Spectra Seam 
Design III 
 
S a m p l e  2 0 9 
 
 
 
 
 
Sample 210 
 
  
Sample 211 
 
  
Sample 212 
P: 30 psi  SS: 2.6 lbf P: 30 psi  SS: 7.5 lbf P: 30 psi  SS: 9.4 lb f   P: 35 psi SS: 5.0 lbf 
A: 59.5 m ST: 11.75g.cm A: 59.5 m ST: 23.5 g.cm A: 59.5 
m 
ST: 33 g.cm A: 59.5 
m 
ST: 16.3 g.cm 
T: 1 s  T: 2 s  T: 3 s  T: 1 s  
Sample 213 
 
  
 
 
Sample 214 
 
 
 
 
  
Sample 215 Sample 216 
 
 
P: 35 psi  SS: 10.0 lbf P: 35 psi  SS: 7.5 lbf P: 40 psi  SS: 5.5 lbf lbf P: 40 psi SS: 9.5 lbf 
A: 59.5 m ST: 26 g.cm A: 59.5 m ST: 53.8 g.cm A: 59.5 
m 
ST: 20 g.cm A: 59.5 
m 
ST: 24 g.cm 
T: 2 s  T: 3 s  T: 1 s  T: 2 s  
Sample 217 
 
 
 
 
 
P: 40 psi  SS: 7.5 lbf 
A: 59.5 m ST: 42 g.cm 
T: 3 s 
 
  
  
  
 
  
  
  
  
 
P = Pressure, A = Amplitude, T = Time, SS = Seam Strength, ST = Stiffness 
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Appendix J: Observed Seam Strength and Stiffness Experimental Values for Spectra Seam 
Design III with Adhesive Tape 
 
S a m p l e  2 1 8 
 
 
 
 
 
Sample 219 
 
  
Sample 220 
 
  
Sample 221 
P: 30 psi  SS: 11.6 lbf P: 30 psi  SS: 14.1 lbf P: 30 psi  SS: 9.8 lb f   P: 35 psi  SS: 12.8 lbf 
A: 59.5 m ST: 21.3 g.cm A: 59.5 m ST: 23.8 g.cm A: 59.5 m ST: 29 g.cm A: 59.5 m ST: 21.3 g.cm 
T: 1 s  T: 2 s  T: 3 s  T: 1 s  
Sample 222 
 
  
 
 
Sample 223 
 
 
 
 
  
Sample 224 Sample 225 
 
 
P: 35 psi  SS: 14.4 lbf P: 35 psi  SS: 7.9 lbf P: 40 psi  SS: 12.4 lbf 
lbf 
P: 40 psi  SS: 11.1 lbf 
A: 59.5 m ST: 22.5 g.cm A: 59.5 m ST: 28.3 g.cm A: 59.5 m ST: 19.8 g.cm A: 59.5 m ST: 20 g.cm 
T: 2 s  T: 3 s  T: 1 s  T: 2 s  
Sample 226 
 
 
 
  
 
P: 40 psi  SS: 6.4 lbf 
A: 59.5 m ST: 25.5 g.cm 
T: 3 s 
 
  
  
  
 
  
  
  
  
 
P = Pressure, A = Amplitude, T = Time, SS = Seam Strength, ST = Stiffness 
 
 
 
 
 
 
 
 
